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This article follows a holistic-complete approach[1] to the management of the major urban logistics projects of 
Imperial Timisoara. The research and studies conducted so far have been based on unilateral approaches: either 
exclusively historical or engineering. Research of such projects requires multi-scientific and multidisciplinary 
treatment angles. Our investigative optics is a managerial-holistic-complete one, which aims to integrate, besides the 
historical, technical / technological aspects, the architectural aspects, along with the multicultural, socio-human, ethnic, 
anthropological. In this sense, the strategic references of urban essence are related to the potential of Timisoara city and 
its ability to carry out such projects, in the contexts specific to the different periods of its logistic development. The 
multitude of researched data sources, information and documents enables us to innovate the analytical approach of 
major urban logistics projects, using the logic of public management, in a holistic-complete, integrative vision. This 
research is part of a comprehensive study on general urban public management. We are convinced that such research, 
in such a way, will contribute substantially to a deeper understanding of Timisoara's contribution to its own 
Europeanization and the region it was part of, the Imperial Historical Banat. 
Keywords: urban logistics, urban public management, holistic approach, historical logistics projects, historical 
Timisoara 
1. INTRODUCTION 
Generally speaking, people certainly have been influencing and will influence the process of change, 
transformation and innovation in a society and implicitly in its various fields. However, we can distinguish 
different levels of involvement in these processes, so we highlight the important role of some society 
members whose contribution is significantly more to the development of their society and, implicitly, of 
the physical space, the city or town, in which the society exists. Thus, we described the indissoluble link 
between physics and metaphysics in the process of urban development, namely between humans and 
resources and their relationship. We believe that people, through attitudes, levels of involvement and 
specific administration-management modalities, can create a difference between the level of development 
of two societies and the urban space in which they live. 
 
2. MATERIALS AND METHODS 
This research aims at creating a record or collection of the main historical events in the area of urban 
logistics projects management. The research methodology used in this study is a combination between the 
historical and managerial research methodology. Among the research objectives is also the comparison of 
Timisoara's urban public management performance in relation to the public management carried out in 
different areas of the Empire or in Europe in order to bring to the world information about the primacy of 
the research result. The difficulties of the research were due to the large sum of data existing in the national 
archives and the relatively short time. Thus, only the most important projects (important from the 
perspective of the Imperial or European primacy) were surprised in the creation of an eloquent image of 
Timisoara's urban development between 1716 and 1914.  
In the particular case, we selected for research some facts, historical events as historical landmarks of 
Timisoara city management, from the most dense periods in terms of technological progress, in order to 





prove that it had personalities from the field of administrative-public management, who through specific 
attitudes, implications and processes (strategic approach) managed to positively and constructively 
influence Timisoara in the development process of the Imperial period. 
3. RESULTS AND DISCUSSION 
The administrative change in 1716 meant for the city of Timisoara a new beginning, a whole new approach 
in terms of public administration. The period under review reflects a new start and in terms of progress and 
development potential and is characterized by an abundance of urban management premiere and not only at 
local, regional and European level owing to a new way of original management of the territories annexed 
to the Empire. The Banat region and the Timisoara town were administered by Imperial structures such as 
the Crown and the Imperial Chamber, through the Aulic Forces in Vienna[2] (the Aulic Chamber and the 
Aulic War Council) under the institutional structure of the Provincial Imperial Administration[3] of the 
Banat region. At the regional level, the direct, administrative lead of the Provincial Administration was the 
General Command. At the level of Timisoara city, the German Magistrate[4][5] and then the Serbian 
Magistrate represented major local administrative institutions subordinated to the Provincial 
Administration[6]. Division of territory by administrative units called districts[7] run by an administrator. 
In each village there was a sub-administrator, as the head of each village was a principal or mayor. The 
administrators were subordinate to the General Command.  
The Provincial Administration has contributed to the development of the region by developing general 
reorganization framework plans[8], providing already functional institutional structures at the level of the 
Empire and implementable in the region and implicitly in the city of Timisoara. The General Command 
and the Magistrates in the city benefited from the flexibility and financial support of the Provincial 
Administration for the planned and developed urban projects at the local level. 
In addition to the central and local administrative institutions, leaders, who initiated urban managerial 
projects, have maintained institutional relations which contributed to the successful implementation and 
finalization of these projects. 
The first person who initiated, planned and implemented the Timisoara strategic Reconstruction Plan was 
Claudius Florimund Mercy, he was the Governor of Banat after the administrative change from Ottoman to 
Imperial. Mercy has initiated many, not only large and successful logistics projects by applying urban 
management similar to what we call today modern public management. This also reflects a premiere for 
urban management, for the analyzed period of time. 
Mercy addressed the issue of administration, being governed by the idea of participative urban 
democracy[9]. Perceived by the inhabitants as their friend and acknowledged among them for his 
knowledge and experience. Thus, we can categorize the governor's behaviour into the category of leader 
that involves and invites the population to make decisions about the reorganization of the city. This attitude 
can be assimilated to a public managerial behaviour characterized by a participative leadership style and 
constituting an innovation in the field of governance, administration, urban management for that period, 
through the constitution of the first elements of participatory urban democracy. Rigorousness[10] and 
structuring played an important role in the whole process of reorganization of Timisoara, consisting of a set 
of priorities embodied in urban plans and projects. 
Mercy's priorities, reorganization strategies, strategic intentions, and the order of their planning highlight a 
profound process of analyzing, anticipating and assessing needs, public needs, and prioritizing their 
satisfaction in generating the most benefits and optimizing losses, costs associated with the proposed 
changes. From the point of view of urban management, logistics projects are part of it due to the fact that 
the whole reorganization process can be assimilated to the urban planning process, which is composed of 
cadastral, hydrological, emergency, calamity, public construction projects and private, construction 
standards, internal and external transport, urban aesthetics, utilities, green areas and parks, households, 
recreation areas at regional, district or residential level, industrial parks, factories, enterprises, preservation, 
institutions, continuous development. [11] 





The continuous concern of the local urban administration over the dangers has contributed to the urban 
logistics development of the city of Timisoara. For example, the drinking water piping system [12] together 
with the hydraulic pump is a first-ever, and is among the first such systems in Europe. This system is an 
important element of the development of urban logistics and is an exceptional result that has the ability to 
distinguish the city of Timisoara from other known, developed cities of the world, at least in terms of the 
drinking water distribution system. However, this result derives not only from the existence at a given 
point in time of an urban logistics project for water distribution but is due to the constant concern to 
eliminate or reduce the impact of a fire, regardless of the nature of its source. Ever since the Ottoman 
administration, the Timisoara fortress had a water tower. This tower was rebuilt in another location (to 
ensure good visibility on the surroundings - so the tower was the physical observation, monitoring and 
control tool) and gradually assigned multiple uses. Due to the fact that the fortress was built in the 
marshland it was protected from possible enemies found difficult or almost impossible to access. 
This geological feature and the ability to control the flow of the Timis and Bega rivers to flood the territory 
outside the city contributed to the formation of a unique defense capability that became a strong 
competitive advantage throughout the fortress's history (the city being conquered only by 2 times). This 
advantage was also a risk due to the fact that it influenced the air quality in the city and its surroundings, 
allowing the disease to spread more rapidly. Thus, the first preventive measures consisted in the process of 
draining the area, improving the quality of the drinking water and its accessibility through the development 
of the hydraulic machine. The administrative project for the drainage of the marshland marked the 
beginning of the development of the internal and external logistics of the city. Dry land maintenance has 
allowed the construction of bridges, roads, railways, urban rail transport, tramway infrastructure, road 
infrastructures, Bega sewerage and short- and long-distance river transport. Many of the above examples 
are at local, regional, European level.  Important aspects will be presented in detail below and also 
represent the urban logistics complexity achieved through the major urban logistics projects. 
The separate development process of the old town area of the suburban area has acted as a catalyst for the 
development of terrestrial logistics[13], especially the infrastructure of the rivers and bridges system that 
ensured the connection between the two areas. This distance between the town and suburban areas was 
important due to the geo-strategic location of the city. The defense system was based on the marshland, 
increasing the safety[14] of the inhabitants and activities of the city. The vision for the development of 
logistics in the future puts in the market the maintenance of safety based on geological features or the 
renunciation of this advantage in order to initiate and develop new projects. So, a decision was taken on 
initiating administrative project draining swamps and marshlands and opening the town. Once the old town 
walls where opened the local administration had initiated many projects of urban logistics resulting in the 
construction of bridges connecting dry land by roads, reducing the distance between the city and suburbs, 
forming the nucleus of local urban terrestrial logistic system and resulting logistically interconnected city 
having already common governing structure, both the old town and the suburban areas as well. 
(1) Building new bridges requires ministerial approvals, being considered important from the point of 
view of the security of the region and the empire. The difficulty and temporal inefficiency of the process of 
obtaining opinions has determined the degree of similarity between bridges, and the same plans are used to 
build more bridges and superstructures. Originality in this area was concretized through a local premiere, 
the first road bridge in the region built from cast steel - the Golden Anchor Bridge. Important events that 
influenced urban re-development / construction of bridges in the city: the transformation of the Bega canal 
waterway across the territory of the city, 1898 establishment Tramvaie- Society S.A., hydropower plant 
construction, the opening of new streets. The interference of these events and the beneficial, developer-like 
effect on the construction of bridges actually reflect the systematic and sustained[15] development of the 
entire infrastructure of urban logistics. 
(2) Exploitation, storage and capitalization of natural resources can be regarded as another urban 
logistic development imbold. Several natural resources, such as wood, an important resource for 
construction and a certain period without substitutes, were found in the territory of Banat. The geological 
features and an underdeveloped road network did not allow it to be capitalized. The existence of the urban 
public administration's concern for forest management is due to the existence of regulatory documents 





regarding the price, the quality of these resources[16]. Thus, in order to capitalize natural resources, it was 
necessary to develop access routes which were materialized by the construction of river or terrestrial 
infrastructure. The discovery of the opportunities and the necessary action to obtain the benefits from them 
as well as the cost-benefit analysis are basic activities in private enterprises, so we can state that some 
urban projects have an oeconomic and not only administrative orientation[17]. The channeling of the Bega 
River, as a project for external river logistics of the city, provided the most economic way through which 
the wood/timber was transported[18] to Timisoara. The personalization of the logistics projects and the 
sequential construction of these projects has enabled the results to be as efficient as possible and did not 
jeopardize the integrity or functionality of the project as a whole. In terms of strategic management, we can 
name these ways of streamlining by personalizing logistics projects and urban logistics customization 
strategies. The fact that the Bega Channel was built in the most straight lines is the goal of streamlining 
river logistics, and the construction of multiple small sewers with locks, wood/timber storehouses right 
next to the Fabric suburb is the desideratum of customizing logistics to make wood transport more 
efficient. The desideratum of the development of the infrastructure needed for foreign trade to Central 
Europe has been shaped by the development of local agriculture and crafts. Thus, in terms of strategic 
management, we wanted to capitalize on the craft and trade potential. This priority was achieved in the first 
phase by channeling the Bega River, thus obtaining a connection through Tisa to the Danube and the 
Danube to central Europe. This channel was to be called Mercy Navigable Canal. And from this project 
can be inferred both a commercial and relational orientation (transport of persons) to the markets, the 
European cities. This ambitious project constituted the beginning of domestic and foreign urban logistics 
through the transport of goods and passengers both in the city and gradually over longer distances between 
cities. Among the works adjacent to the sewerage can be mentioned: the first channel to begged on Bega 
(Timişul Mic), between Faget and Timisoara is made in 1718, and until 1732 by Zrenjanin to reach 
Pancevo by fluvial vessel. The second major work is represented regular river transport of passengers and 
cargo on the Bega Canal, a regional premiere, turned out to be the first in the region of Banat. From the 
description of a historical document[19] on the regulation of trade[20] in food made by foreigners on 
foreign commercial vessels that stop in the so-called Mercy Navigable Canal, public management is 
revealed, the public use of the canal under the supervision of a police committee (Policey Comißsion) to 
generate public benefits and to maintain the quality of the goods transported. It is possible to detach from 
this description the orientation to what we call today quality management in urban and interurban river 
transport and another orientation towards the rigorous organization of urban and interurban river transport, 
in fact, an efficient urban and interurban public management of river logistics focused on supporting the 
quality of these public services and creating public benefits. The continuous development of river transport 
and the need to develop it can also be linked to the existence of a register of minutes of the German City 
Magistrate, Sessio in Publicis et Oeconomicis, 1764[21] and 1768[22]) containing, information on the 
development and maintenance of relations trade with different countries, problems related to the supply of 
the city, the purchase and export of gold and silver, import of various special commodities (coffee and 
sugar surrogates). 
(3) Elements of anticipation and forecasting. The second personality that made a significant contribution 
to the development of urban logistics was Baron Iosif de Brigodo, the governor of Banat. Compared with 
the visionary Mercy, Brigodo was a more pragmatic ruler. Prior to reaching the Banat region, Brigodo 
hired Francesco Griselini to conduct research on the natural and historical potential of Banat. Among its 
priorities for urban logistics was the formal institutionalization of the urban or interurban logistics 
infrastructure development processes, based on a plan submitted to the Vienna Court (administrative 
structure with strategic interest and control power) of a structural entity under the form of a Caesar-Royale 
Construction Office. The area of competence of this office was a complex and complete one for urban and 
interurban logistics projects. Concern for financial management of costs by financing the Office's annual 
operation was provided by central tax administration. The desideratum of the operation of the institution 
was the creation of a scientific propagation environment, led by professional people. 
The fact that Brigodo requested the research and analyzed it, and then developed plans and implemented 
them, means in terms of contemporary management that Brigodo has non-deliberately exercised multiple 





management functions (Planning– the plan advanced to the court at Vienna, based on forecasting in the 
form of research, Organization– Establishment of the Caesar-Kingdom Office, Implementation– 
Coordination of Logistics Projects, Control– Regulations on Urban Logistics). Thus, we can say that 
Brigodo had, as a governor, the qualities of an urban public leader. 
(4) Public utilities, street lighting. The existence of efficient and effective cooperation relations between 
the representatives of the public environment, the public administration through the developed urban 
projects and the private environment or the inhabitants of the fortress, in order to generate a common 
benefit. This common good has materialized in the development of the public lighting network. In this area 
the city of Timisoara starts with a premiere at Imperial level, being in 1760, the best illuminated city of the 
Empire. The maintenance and maintenance costs of this network had no costs due to the 100 street lanterns 
donated by the city's inhabitants. The evolution of this network continues with the onset of the gas plant 
that began its activity in 1857. The gas was used for street lighting (through 200 lamps). The system 
becomes difficult and expensive to maintain. Another first in continental Europe marks the technological 
progress of street lighting utilities, namely Timisoara becomes in 1884 the first city with a public street 
lighting network. 
(5) Terrestrial urban transport carries the most pronounced and consistent results of technological 
progress in logistics due to good management of the logistics organization of the city. After the 
introduction of public transport along a 949-meter route, the Omnibus with horses in 1856, the city's first 
off-road tramline in South-East Europe developed in 1869. In 1896 it was transformed from animal traction 
into electrical traction of trams from the city and in 1901 new lines or considerable extensions of existing 
ones were created. 
(6) The development of network structures announces the development of the city at the level of 
European cities. In 1854, the Vienna-Timisoara-Sibiu telegraph line is inaugurated, creating a first high-
speed connection with both Central Europe and Transylvania. In close connection with the telegraphic line, 
we also mention the historical event that marks the obtaining of the license for the installation of the first 
urban telephone station, even from Thomas Edison in 1879. In 1881 we mark the introduction of the 
telephone network and the first telephone exchange in Timisoara. 
Although not entirely part of the exclusively urban logistics, we considered it absolutely necessary to 
review the elements of interurban logistics, these relations[23] between the cities contributing to the 
completion of their logistic infrastructure. The railways, both the commercial and passenger transport 
network has been developed following two major directions[24]. On the one hand there were short-distance 
railways linking Timisoara to nearby towns, on the other hand there was a preoccupation of the city and 
administration of Vienna for the development and maintenance of relations with the outside of the region, 
or of the empire. The location of the city at the crossroads of many important commercial roads was a 
determining factor for the volume of investment in terrestrial infrastructure, both rail and ground. Here is 
the factual exposure of the double detectable orientation to multiple logistics projects. One of the factors 
inhibiting the development of interurban land logistics was the status and physical shape of the fortress, 
well protected by multiple rows of walls. The positioning of the gates and bridges has led to the direction 
of the construction of terrestrial roads, so from Timisoara the roads have developed pointing to all major 
cardinal points. The first main road was built to Szeged. In total, in 1848, 8 postal roads and 9 commercial 
roads started from Timisoara. Progress in this area has been provided by both local[25] and central 
funding. Good management and rigorous planning at the level of local government allowed for a 
construction and maintenance offer for 75 new roads in 1894. Many of these works have been entrusted to 
companies outside the region[26]. 
Among the main categories of urban logistics and significant premieres of the city of Timisoara we can list 
urban mobility logistics projects (1732- Bega Canal, 1869- First Horse pulled Trams of South-Europe 
[27]), Logistics and Public Utilities (1723- Hydraulic system and pipeline drinking water distribution 
system, are among the first such systems in Europe[28], 1884- the first city with a public street lighting 
network in Continental Europe[29]), telecommunication logistics and terrestrial transport infrastructure 
(railways[30] and urban[31] and commercial roads). 






From the enumeration we can deduce the rigorous logic of the hierarchy, the prioritization of the urban 
logistic projects, in correlation with both the nearby and the distant surroundings. The pioneering state of 
urban logistics has been supported by the multitude of urban logistics projects that, through good planning, 
organization and implementation, have managed to become outstanding at local, regional, Imperial or 
European level. 
The multitude of significantly important projects reveals clear signs of the establishment of urban public 
management structures, which have supported good management and control of public institutions that 
have been set up and have proved to be performing. Some of the major projects benefited from an assured 
and supervised financial management from Vienna but others were financed from local budgets. The 
existence of a reorganization framework plan developed by the Central Authorities had been acting as a 
support and basis for the projects developed at the local level. Due to the fact that some large projects 
required a long time to complete, it is not natural to assign them the mandate of a single governor or leader. 
Regardless of the leading personality, the important projects have been completed, most of which resulted 
from them. The importance of progress has not been influenced by personal behaviours and goals but by 
capitalizing on opportunities and creating public benefits.  
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Additive manufacturing (AM), also known as 3D printing, is a process for creating prototypes and functional components 
achieved by consolidation of material layer upon layer. Applications of AM technologies have been witnessed in the healthcare, 
automotive, architecture, power generation, electronics and aviation industries. Some of the main benefits of AM include 
effective material utilisation, new design possibilities, improved functionality of the products and flexible production. The 
opportunities for the applications of additive manufacturing in the oil and gas industries are only just being explored. In this 
study, a review of the potential opportunities of AM technologies in oil and gas industries was reported. The adoption of the AM 
technologies necessitated the need for a rethink on design for manufacture and assembly of oil and gas component parts such as 
high-tech end burners, metal fuel nozzles, and submersible pump components amongst others. The possibility of employing AM 
technologies on-site for the production of spare parts for replacement of damage components in oil and gas equipment and 
facilities is commendable, as this brings about reduction in production downtime and replacement cost. The future of AM in the 
oil and gas industries is highly promising, however before AM can actualize its full-fledged potentials in these industries, further 
research is required in the area of new materials development and processing, improved surface finish of AM fabricated parts, 
enhanced fabrication speed and parametric optimisation to improve the mechanical properties of the fabricated components. 
Keywords: Additive Manufacturing, Oil and gas industry, 3D printing, Product design. 
1 INTRODUCTION 
Additive manufacturing (AM) is a solid free-form fabrication technique which allows the development of any 
component from its 3D model by consolidation of materials layer upon layer with no tooling required [1]. Owing to 
the nature of the layer-upon-layer addition of material in the AM process, new design features and enhanced 
topology optimisation have become possible [2]. Hence, with AM, geometries and other design features in materials 
that were previously impossible to produce with conventional manufacturing owing to production constraints are 
now possible. Additive manufacturing offers the ability to produce complex shapes at no extra cost [2]. This 
indicates the more complex the product or part, the more suitable additive manufacturing is, as opposed to 
conventional techniques. The generic advantages of additive manufacturing include: free production cost for part 
complexity, low cost of small batch size production, component fabrication as and when and wherever needed with 
near zero-inventory cost and cost-effective material utilisation amongst others [3]. The oil and gas (O&G) industries 
have begun adopting additive manufacturing technologies into its regular workflow in several key areas, especially 
for the production of valuable tools and spare parts for replacement of damaged ones [4]. Additive manufacturing 
has found prominent applications in the area of healthcare, automotive, architecture, power generation, electronics 
and aviation industries [5]. In a report ‘Hype Cycle for 3D Printing [6]’, a graphic representation of the maturity and 
adoption of technologies and applications of 3D printing was presented as shown in Figure 1. 
 





Figure 1- The status of 3D printing applications in the Gartner hype curve [6] 
The Gartner hype curve shows that 3D printing for prototyping in oil and gas industries is at the stage of slope of 
enlightenment which indicates the heightened level of awareness of AM technology for production of 
prototypes/visual aids for the construction of facilities in this sector. However, the adoption of AM techniques for 
production of functional parts to be used in oil and gas industries has just began as this is being triggered by the 
innovation AM processes can bring to their product development. This implies that more research work is required 
to be done in the area of 3D printing applications in oil and gas industries to enhanced component part design for 
high performance, to improve product quality and rapid tooling for production. The limitations of additive 
manufacturing among the stakeholders within the oil and gas industries are the lack of required strength and 
potential failure of parts fabricated via the AM techniques. To enhance the effectiveness of additive manufacturing 
technologies in the oil and gas industries, the characterization of the materials such as functional metal, ceramics and 
polymer being used in 3D printing should be researched upon in order to determine the best mechanical properties 
which will be well suited with the international standard in the oil and gas equipment facilities. This will prevent 
sudden equipment failure resulting from the use of replacement parts fabricated via additive manufacturing 
technologies. Recently, the three most common uses in AM are for prototyping, product development, and 
innovation [7]. Hence, this paper discusses some key areas in which additive manufacturing technology has been 
used for the production of prototypes/functional parts, identifies challenges facing the adoption of AM in order to 
meet their pressing demands and also proffer possible solution to promote the deployment of AM functional parts in 
oil and gas industries. This study was structured to serve as guide to researchers with interest in the application of 
additive manufacturing in the oil and gas industries. 
 
2. TECHNOLOGIES FOR ADDITIVE MANUFACTURING 
It is of paramount importance to define different AM processes that can be of advantage to oil and gas industry of 
producing functional parts. The American Society for Testing and Materials (ASTM) has classified AM into seven 
technologies as presented in Table 1. 
 
Table I Categories of Additive Manufacturing according to ASTM (F2792-12a) [8] 




AM Printing Technology – Definition Materials Typical Market 
 
Vat polymerization/  
Stereolithography (SLA), digital light 
processing (DLP)  
An AM process in which liquid 
photopolymer in a vat is selectively cured by 







Multijet modeling (MJM)  
An AM process in which droplets of build 












Powder bed and inkjet head (PBIH), plaster-
based 3-D printing (PP)  
An AM process in which a liquid bonding 
















Laminated object manufacturing (LOM), 
ultrasonic consolidation (UC)  
An AM process in which sheets of material 









Fused deposition modeling (FDM)  
An AM process in which material is 








Powder bed fusion/ 
Electron beam melting (EBM), selective 
laser sintering (SLS), selective heat sintering 
(SHS), and direct metal laser sintering 
(DMLS) 
An AM process in 
which thermal energy selectively fuses 











Direct energy deposition/ 
Laser metal deposition (LMD)  
An AM process in which focused thermal 
energy is used to fuse materials by melting 






3. APPLICABILITY OF ADDITIVE MANUFACTURING IN OIL AND GAS INDUSTRY 
Additive manufacturing technologies are playing a vital role in the oil and gas industry research and facility 
development, these trends are expected to spread into all organs of oil and gas equipment facilities such as oil field 
service, power generation plant, subsea equipment services, and turbomachinery equipment service amongst others. 
With the advent of additive manufacturing, oil and gas companies will no longer need to wait for replacement parts, 
but will have the capability to additively fabricate parts at the location where such replacement or spare parts is 
promptly needed [4]. The availability of 3D printing technologies on the various oil field service sites will annihilate 
unnecessary delay in area where standard parts are urgently requested for. Full implementation of 3D printing 
techniques in oil and gas industries will eliminate over-dependency of these industries on imported replacement 
parts to maintain oil and gas equipment facilities. According to Scott J Grunewald [4], on-site 3D printing can be 
deployed to fabricate new parts for use in drilling for oil and gas exploration, where flexibility and adaptability are 
both important to the successful extraction of the petroleum products.  
4. METALLIC-BASE ADDITIVE MANUFACTURING METHODS 
3D printing in additive manufacturing can be used to produce some spare parts in oil and gas industries, theses 
functional parts can be built using various metallic-base additive manufacturing technology methods such as Direct 
Metal Laser Sintering (DMLS), Electron Beam Melting (EBM), and Direct Metal Deposition (DMD). 
4.1 Direct Metal Laser Sintering (DMLS) 
Direct Metal Laser Sintering (DMLS) is an additive manufacturing technology that operates by sintering very fine 
layers of metal powders layer-by-layer from the bottom up until the build is complete. The available materials for 
direct metal laser sintering include titanium, aluminium, cobalt-chrome, stainless steel, Inconel 625 and Inconel 718 
amongst others. 





Figure 2: A typical schematic of Direct Metal Laser Sintering   [9] 
4.2 Electron Beam Melting (EBM) 
Electron Beam Melting (EBM) is a type of additive manufacturing which is similar to selective laser sintering as 
they both print on a 3D printer powder bed. The metal powder or wire is put under a vacuum and fused from heating 
by an electron beam. A high energy beam comprising of electrons is used to solidify the metal. The available 
materials include nickel super alloys, stainless steel, tools steels, aluminium, titanium and copper. 
 
Figure 3: A typical of Electron Beam Melting (EBM) [10] 




4.3 Direct Metal Deposition (DMD) 
The Direct Metal Deposition is an additive manufacturing technology using a laser to melt metallic powder. This 
process is similar to Fused Deposition Modelling as the nozzle can move to deposit the fused metal. Direct Metal 
Deposition extrudes fully dense, functional parts from CAD model by depositing metal powders layer by layer using 
laser melting. 
 
Figure 4: A typical Direct Metal Deposition system showing a component being built layer by layer [11] 
 5. CURRENT APPLICATIONS OF AM IN OIL AND GAS INDUSTRIES 
In recent times, oil and gas industry has come to the point of complete serial production with AM for producing 
functional components, and the trend is that the number of parts and applications is gradually increasing as indicated 
in Wohler’s reports 2015. Figures 5, 6, 7 and 8 presented different typical prototypes/functional parts fabricated 
using 3D printing for application in oil and gas industries. 
 
Figure.5: 3D printed oil processing facility conceptual model [4] 
 




           
                                    Figure. 6: 3D printed oil pump prototype [4]                  Figure.7: AM fuel nozzle for oil extracting machinery [4] 
 
 
Figure. 8: 3D Printed Gas Cap Oil Cap & Rear cap [4] 
6. CHALLENGES FACING THE ADOPTION ADDITIVE MANUFACTURING IN OIL AND GAS 
INDUSTRY 
6.1 Development of relevant standards  
The development of AM standards relevant to oil and gas industrial parts is one of the key challenges facing the 
widespread acceptability of additive manufacturing technologies in oil and gas industries. Setting of standard in 
additive manufacturing would provide a foundation for creating products that conform to internationally recognise 
standard specifications which are compatible with products provided by different suppliers seeking the same quality, 
performance and interchangeability [12]. Additive manufacturing standards will prevent incessant failure of the 
components and improve upon the quality of product, increasing reliability, safety and accuracy of equipment and 
processes. 
6.2 3D digitalization data management 
To improve the widespread adoption of additive manufacturing in oil and gas industries, there is need for a robust 
digital infrastructure to be put in place to manage the 3D data system. By doing this, the adoption of large-scale 
additive manufacturing process in fabricating spare parts in the oil and gas industries will be promoted, such that the 
3D data of any parts required can be made available on site and fabricated for replacement purpose. Hence, there 
will be no need to keep inventory of some of the equipment parts for oil and gas services. The transferring of CAD 




model saved in STL files into the 3D printing machine should be properly checked for better dimensional accuracy 
before fabrication process is initiated in the AM machine software.  
6.4. Effect of Electrical power [13] 
The impact of power quality on additive manufacturing equipment is one of the challenge that need to be well 
researched upon. Power variations can have strong effect on the quality of the item being produced using additive 
manufacturing by introducing defects that may not be discovered easily during the course of printing the 
components. Research is needed to evaluate the power quality characteristics of AM equipment that will have better 
influence on the best mechanical properties of the fabricated parts. 
6.5 Other challenges  
Another challenges involved in the process is poor fabricated part properties, limited material selection, resolution, 
repeatability, and poor surface finish of the printed parts. Strength of the RP parts is low when compared to part 
fabricated by conventional machining and also removal of support structure from part fabricated may cause surface 
damage and affect the surface finish [14, 15]. 
7. RESEARCH ON ADDITIVE MANUFACTURING IN OIL AND GAS INDUSTRY 
Allan Zhong et al. [16] worked on a survey of existing metallic AM technologies with their advantages and 
disadvantages and reported also on the effect of build direction on mechanical properties. Challenges encountered in 
the application of AM were discussed, which include printability, printed material properties design for AM, and 
technical competency in AM. Selected work on printing various downhole tools, such as flow control related flow 
manifold and an extrusion limiter is used to illustrate the benefit of metallic AM. Mechanical properties of printed 
metals, such as yield strength, elongation at break, and impact strength, are measured using specimen made in-situ 
along with the parts and compared to those of wrought materials. Microstructure analysis was also performed to 
compare 3D Printed Inconel 718 alloy to the wrought material to evaluate the effect of the processes involved in the 
AM. 
Ivanova, et al. [17] reported on the application of nanomaterials in AM. It was noted that there are many 
opportunities in the marriage of AM and nanotechnology, but there exist also some significant technical and 
scientific challenges. The addition of metal nanoparticles generally decreases sintering temperatures, improves part 
density, and decreases shrinkage and distortion of printed parts. Metal nanoparticles embedded into polymer 
materials can also provide improved electrical conductivity in fabricated objects.  
BSR Report [18] reported the use of 3D printing to produce lighter parts in jet turbine engines by General Electric 
(GE) Company. With AM technology, a fuel nozzle was fabricated for one of its best­selling jet engines in which a 
25% weight reduction was achieved. 3D printing has also allowed GE to manufacture the nozzle in a single piece, 
while previous manufacturing processes require the assembly of 20 different parts. 
In World Economic Forum White Paper [19], a major environmental benefit of 3D printing was proposed to be the 
reduction of CO2 emissions by 2 million tonnes. 3D printing of spare parts, as and when required, will reduce 
inventory levels by an estimated 2%, and the cost of repairs, maintenance and transporting parts by an estimated 3%. 
However, a major barrier to adopting 3D printing for this purpose is that companies do not want to be liable for 
potential part failures, and require warranties on their parts  
In another study, it was reported that Shell Oil Company used 3D printers to fabricate a prototype of its Stones Oil 
and Gas station in the Gulf of Mexico – the deepest drilling station in the world. The team used a 3D printer to 
produce a scaled-down plastic version, including all components, in only four weeks. This version helped the team 
understand how to improve components before building the real-life buoy in the construction yard, and even helped 
to work out the most efficient assembly sequence for the buoy. Shell saved $40 million by highlighting design flaws 
at an early stage. The 3D-printed prototype also showed US authorities exactly how the finished design would 
function in a real sea environment, and helped Shell secure government approval [20]. 






Additive manufacturing could be a source of positive change, as there are a number of challenges that need to be 
overcome for it to realize its full potential in the oil and gas industry. There are few research work that has been 
done in the area of additive manufacturing within the oil and gas industry. To this regard, many research work in 
AM need to be done in order to facilitate the effective usage of AM in fabricating functional component parts, spare 
parts in the oil and gas industries. Implementing 3D printing effectively in the oil and gas industries will require re-
training of the operator to enhance their knowledge in the fabrication of the replacement parts from their digital 
signatures. However, 3D printer operations and maintenance are required to successfully implement and adopt these 
new technologies into a full-scale operation in the oil and gas industries. In spite of the impediments, the future of 
additive manufacturing in the oil and gas industries is highly promising and expected to continue to expand in the 
next few years. Going by the Gartner reports who also predicted that by 2019 more than ten percent of all oil and gas 
companies, include oilfield service providers, will be transitioning from traditional manufacturing methods to more 
advanced additive manufacturing methods. 
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INVESTIGATING THE CHANGE OF SOIL RESISTENCE AND 
MOISTURE CONTENT IN THE CASE OF PRE-CROPS AND SOIL 
TILLAGE SYSTEMS 
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The experiments were set up in large parcels at the Fleischmann Rudolf Research Institute of Eszterházy 
Károly University located in Kompolt. We carried out measurements by using a Penetronik penetrometer 
(electrical soil cone penetrometer) at the experimental site, where brown grassland soil as well as clay 
washed brown forest soil are the typical soil types. The device used primarily serves to investigate the 
physical and water management properties of soils suitable for agricultural cultivation. The instrument is a 
hand-operated tool for registering soil mechanical resistance in Newtons (0-1000 N) and also the moisture 
content of the topsoil (%) at the same time. The recording of the location of the measurement is made by 
the built-in GPS, and the results of the measurements are saved to the SD card of the device. The device’s 
data acquisition unit allows direct reading of measurement results, serial measurements and computer 
processing of results (0-70 cm). Taking our objectives into consideration, we defined the location of 
measuring points with various numbers according to the properties of the examined fields. Besides 
designating measuring points at a distance of 0, 5, 10, 15, 20 and 30 m from the edge of the fields, we 
designated two more in the middle of each field in all cases. The examined crop species included sand oats 
(Avena strigosa), baltacim (Onobrychis viciifolia) as well as common vetch (Vicia sativa L.) with oats as a 
companion crop. Summing up the measurement results, we have made the following statements: Low soil 
resistance (127-131 N) was experienced after soil loosening and oat-vetch with higher, well-preserved soil 
moisture content observed at each level, where the 50% moisture content of the soil started at the layer of 
27 cm depth. Moderate soil resistance values (150-168 N) were manifested in the case of soil tillage with 
loosening and ploughing after sand oats. In this case, the 50 % soil moisture content was observed at the 
layer of 38 cm depth. Higher soil resistance values were found (171-196 N) in the case of 2 and 3-year-old 
crops of baltacim, respectively, where the 50 % soil moisture content was recorded from the layer of 58 cm 
depth. Based on the results, we consider it important to develop and improve soil tillage systems.  
Keywords: soil resistance, penetrometer, guard band, soil tillage, pre-crop effect, soil moisture content [%] 
 
1. INTRODUCTION  
Water is also of great importance from the agricultural point of view. It affects the biological activity of the 
soil, the material flow of the plants and the yield. Determining the water content of soil is useful for several 
reasons. Knowing this, we can determine the best time to cultivate the soil, the optimal sowing time and the 
type of crop to be grown, as well as we can get information about the soil moisture content that can be 
expected after various pre-crops. 
Soil resistance, moisture content, and bulk density are among the most commonly examined soil physical 
parameters [1]. 
Electronic systems started to be used in agriculture in the mid-1960s [2] 






Over the past decades, powerful machinery used in agriculture has significantly contributed to the 
development of compacted soil layers [3] [4]. 
34.8% of the soils in Hungary are particularly sensitive to compaction [5] [6]. Soil compaction is mostly 
influenced by the type of soil, its mechanical composition, cementing materials and soil use, as well as the 
level of the soil conservation structure (agrotechnical methods). 
Soil resistance is an indicator expressing the relative degree of compaction, used in soil tillage systems to 
determine the state of soil [7] [8] [9]. On the one hand, it is due to the rapid feasibility of measurements 
and, on the other hand, it is possible to estimate the actual physical properties of the soil and the need for 
soil loosening [10].  
In our experience, under the given circumstances, the size of soil resistance is primarily influenced by the 
cultivation depth, the cultivation tool applied as well as the pre-crops. 
Soil resistance measured by using a penetrometer is one of the most commonly used methods for assessing 
soil compaction, the depth positioning of compacted layers and the spatial and temporal changes of the 
soil’s physical properties [11]. Compaction blocks the formation of favourable porosity conditions, water-
to-air ratio as well as that of microbial life, which is a condition of permanent structure [12]. 
With the help of a penetrometer, soil resistance and its current physical condition can be determined 
quickly and relatively accurately. The reliability of the soil resistance values (estimated value) measured by 
a penetrometer is determined by the accuracy of the measuring instrument, the performance of 
measurement and the inhomogeneity within the experimental plots [13]. 
In his studies related to soil compaction and moisture content experienced that in the dry years, the soil 
resistance values were generally higher due to lower moisture [14]. 
The purpose of our studies was to determine what effect the various crop species planned and cultivated 
according to the rules of crop rotation and the soil tillage systems following their removal have on the 
change of soil resistance and water content. Based on the results, suggestions can be made for the soil 
tillage systems to be applied after various crop species in order to achieve the lowest soil resistance (N) and 
highest soil moisture content [%], which can be the basis for enhancing the fertility of the next crop. 
2. MATERIALS AND METHODS 
Our investigations were carried out at the areas of the Fleischmann Rudolf Research Institute of Eszterházy 
Károly University located in Kompolt. The typical soil type of the area is brown grassland soil as well as 
clay washed brown forest soil, which is characterized by good air, heat and water management, its ability 
to supply nutrients is also said to be good, however, in terms of its physical properties and cultivation it can 
be considered to be ”almost short-term soil”. 
The examined crop species included sand oats (Avena strigosa), baltacim (Onobrychis viciifolia) as well as 
common vetch (Vicia sativa L.) with oats as a companion crop. Furthermore, we also investigated fallow, 
only disked plots. 
Tillage variants of soil tillage comprised the examination of plots after subsoil loosening, ploughing as well 
as disking. 
Taking our objectives into consideration, we defined the location of measuring points with various 
numbers according to the properties of the examined fields. Besides designating measuring points at a 
distance of 0, 5, 10, 15, 20 and 30 m from the edge of the fields, we designated two more in the middle of 
each field in all cases. 
We carried out measurements by using a Penetronik penetrometer (electrical soil cone penetrometer) at the 
experimental site, where brown grassland soil as well as clay washed brown forest soil are the typical soil 
types. The device used primarily serves to investigate the physical and water management properties of 
soils suitable for agricultural cultivation. The instrument is a hand-operated tool that allows registering 
both soil mechanical resistance in Newtons (0-1000 N) up to a depth of 70 cm and the moisture content of 
the topsoil (%) at the same time. The recording of the location of the measurement is made by the built-in 






GPS, and the results of the measurements are saved to the SD card of the device. The device’s data 
acquisition unit allows direct reading of measurement results, serial measurements and computer 
processing of results. 
3. RESULTS AND DISCUSSION 
Based on our investigations, in the case of the different soil tillage systems after the change of the various 
crop species our plots can be classified into 3 categories: 
Category I includes the plots with subsoil loosening after the seed production of common vetch (Vicia 
sativa L.). The fallow disked areas were also classified into this category. As a result of complex effects, 
soil resistance in this group showed low values (169,2 N). 
Category II includes the plots ploughed after sand oats as pre-crop (Avena strigosa), where the average 
values of soil resistance were already higher (210,8 N). 
Category III includes the plots ploughed before crop establishment with the highest soil resistance (224,3 




Source: Author’s own editing (2019) 
Figure 1 Changes in soil resistence content [N] in the case of various soil tillage systems and crops 
The soil moisture content values [%] were the most favourable in the loosened plots, where the layer below 
27 cm depth reached 50%; the crop species of category 1, the seed production of common vetch and oats 
falls into this category. In the case of ploughing after sand oats (the crop species of Category II) this value 
was measured at 38 cm depth, and in the case of baltacim (the crop species of category III) from 58 cm 
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Source: Author’s own editing (2019) 
Figure 2 Changes in soil moisture content [%] in the case of various soil management systems and pre-crops according 
to segment depth 
4. CONCLUSIONS 
Low soil resistance (127-131 N) was experienced after soil loosening and seed production of common 
vetch with oats as companion with higher, well-preserved soil moisture content observed at each level, 
where the 50% moisture content of the soil started at the layer of 27 cm depth. Moderate soil resistance 
values (150-168 N) were detected in the case of tillage with loosening and ploughing after sand oats. In this 
case, the 50 % soil moisture content was manifested from layer of 38 cm depth. Higher soil resistance 
values were measured (171-196 N) in the case of the 2 and 3- year-old crops of baltacim respectively, 
where the 50 % soil moisture content was recorded from the layer of 58 cm depth. The high soil resistance 
values quantified on the basis of these studies predict the need for eliminating the baltacim crops and 
applying tillage systems based on loosening after their breaking up. Based on the results, we consider it 
important to develop and improve soil tillage systems. 
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ABSTRACT 
This electronic document presents the thermokinetical modelling of the gasification process done on 
acacia-tree with variable operating conditions and different humidity levels. Gasification does not produce 
flue gas, but due to imperfect burning, synthesis gas appears which is rich in flammable components (CO2 
and H2). The chemical structure of this gas depends on the components of the fuel and the humidity level, 
but greatly affected by the technological parameters too, such as pressure and temperature, as well as the 
air-ratio. The study shows the change in the amount of the fuel and the reaction efficiency, caused by 
varying gasification temperature and pressure. Rising temperature results in improved efficiency, while 
higher pressure worsens reaction efficiency. However, at higher temperature intervals, the effect of the 
pressure is neglectable. 
Keywords: acacia, gasification, pressure, temperature, air-ratio, reaction efficiency 
1. INTRODUCTION 
Nowadays one of the most important research fields is the energetics, which includes the production of 
energy, the consumption of energy and the improvement of the efficiency of the process. We can often hear 
about the gasification technology and wood-gas boilers taking part in heat-energy production. Gasification 
technology is not only able to produce heat, but electricity too, as the main product of the gasification 
process is the combustible synthesis gas, which can be utilized by gas engines and turbines with high 
efficiency. The poor calorific value and low-grade quality of gas can decrease efficiency and power of the 
gas powered machines, so the examination of wood gasification is inevitable due to the gas composition. 
Besides these facts, wood gasification gives a great opportunity to build wood and biomass fueled quick-
start power plants, which would be able to provide a solution for the changing energy demand.  
2. HISTORICAL REVIEW OF GASIFICATION 
Gasification is one of the oldest processes used to convert solid fossils and renewable fuels into 
combustible synthesis gas and liquid fuel. This technology was first used by Thomas Shirley, who 
produced hydrogen in 1659. Robert Gardner filled the first patent in 1788 and the spread of gasification 
process began. Its industrial application is associated with William Murdoch and began in 1798 in England 
and France [1]. 
At the beginning, combustible gases (wood and carbon gas) were produces from wood and coal, and were 
mainly used for heating and public lighting purposes. By 1850, technology reached a level of development 
that allowed 75% of London’s public lighting to be solved with the help of gases, produced this way. Some 
years later, the gasification technology appeared in the United States too, and by 1920, it was used in most 
of the cities for heating and public lighting [2].  
Following the discovery of Texas oil fields, the first natural gas pipeline was built in Denver, which 
eliminated the predominance of synthesis gas. After discovering the oil field under the North Sea, gas 
plants went into oblivion in Europe over time too. Although the last one was unveiled in England in 1970, 
we can still find some functioning systems in the third world countries [1]. 
With the appearance of internal combustion engines, the gasification process was also used to generate 
alternative fuels.  The first wood-gas powered car was designed and built by Thomas Hugh Parker in 1901, 






but it was widespread only thirty years later. In the 1930s, the rapid development of military industry and 
the Second World War caused the use of alternative materials in the fuel industry.  
During the Second World War, the Allies and the Soviet Union did not supply crude oil to European 
countries that were occupied by the Germans. The local small-scale exploitation was used by the German 
army (Wehrmacht). Since there was not enough fuel for the military industry, the Wehrmacht also 
experimented with wood-gas powered tanks, which were finally not applied because of their difficult and 
complicated operation. By the end of the Second World War, there were about a half million wood-gas 
powered vehicles only in Germany [1]. There were more than a million of such vehicles in Europe. In the 
occupied Denmark, 95% of civilian and agricultural vehicles were wood-gas powered [2]. 
The chemical composition and the energy content of the synthesis gas, produced during the gasification of 
wood, was appropriate to be the fuel of the rudimentary internal combustion engines [1]. Some decades 
later, the further developed gasification technology was used in waste management and power plant 
energetics. Special workshops had been set up to transform traditional cars into gas-powered ones, and fuel 
filling stations have been built, where people were able to buy firewood of the right size.  
Gasification is a process based on the rapid heat dissipation of materials with partial oxidation, which has a 
smaller oxygen demand compared to the theoretical oxygen required for the perfect combustion. During 
the partial oxidation of the organic compounds found in the parent material synthesis gas is released, which 
can be utilized either as raw material, chemical synthesis or as fuel [1]. 
Due to the sensitivity of the process, it is important, that the characteristics (size, moisture content, 
consistency) of the fuel supplied remain within certain predetermined limits [3]. The effect of sensitivity 
typically occurs in energetic and environmental efficiency. 
The main purpose of the process is to achieve the highest gas output and achieve optimum energetic 
efficiency. The synthesis gas, produced during the gasification process is a gas mixture, rich in hydrogen 
and carbon monoxide, which depends on the gasifying medium and contains energetically inert 
components. The most commonly occurring non-combustible components are the carbon dioxide and water 
steam, which take part in the operation, but leave the reactor as ballast. The gasifying medium significantly 
influences the chemical composition and energy content of the resulting synthesis gas.  The gasifying 
medium helps to break down the solid carbon and the higher molecular weight carbon hydrogens resulting 
in the release of hydrogen and carbon monoxide [2].  Most commonly air, steam and pure oxygen are used, 
but a good ratio of carbon dioxide and oxygen can also yield good results. Incorrectly selected auxiliary 
gas can cause the fail of the technology.  
It is recommended to cool the synthesis gas before the utilization and subjected to a complex purification 
process to remove harmful and corrosive substances. The purified synthesis gas is usually used to produce 
heat-energy and electricity by burning it in a gas-engine or in a gas-turbine. Gasification is a non-existent 
technology by its own, because in a reactor, formed for this purpose pyrolysis and combustion zones are 
both formed. However, the name is correct, because in case of thermodynamic equilibrium the reactions, 
which are taking place, with the exception of radiation losses, results a self-sustaining process [1]. In a 
thermodynamic equilibrium state, the system does not cool and does not heat up, therefore it does not 
require heat input (pyrolysis) or heat loss (combustion) and produces combustible synthesis gas. The 
gasification is carried out in four steps, which happens on different temperatures and stoichiometric 
proportions in the reactor. The relationship between the reactors are determined by the type of the reactor 
[2, 7]. 
Gasification is the only thermal treatment technology which can be an endothermic or an exothermic 
process too, depending on the excess air factor and on the temperature. When applying gasification, the 
main goal is to achieve a self-sustaining process. This only occurs, if the reactor, considering the radiation 
and heat losses, is in thermodynamic equilibrium state. After the start, the system reaches its steady state 
after a 5 - 20 minutes long transient. The thermodynamic equilibrium state is significantly affected by the 
moisture content of the dispersed war material. The excess air factor value can be determined basing on the 
moisture content and the thermal loss of the reactor [7].   
 






3. BASIC EQUATIONS OF THERMOKINETICAL MODEL EXAMINATION 
During thermokinetical model investigation, the chemical and energetic properties of gases, produced from 
different materials are determined. The thermokinetical model is used for the modelling of processes, 
which is basing on the law of energy conservation [1]. By applying this model, approximate estimates of 
the chemical composition, viscosity and other properties of the produces gas can be given. 
As the essence of the model is to make the calculations faster and easier, some ingredients, such as 
nitrogen oxide and ethylene, acetylene compounds were neglected during writing the simplified model 
equations. The model equation is written for the hydrogen and oxygen content of the fuel in one mole of 
carbon content [1, 5, 6].  
Model examinations were carried out by using the equilibrium constants with predetermined gas 
composition at fixed temperature and operating pressure. The equilibrium constant method at the given 
temperature is the equation conversion. Its essence is to determine the composition of the produced product 
using the principle of Gibbs’s free energy minimization. For the analyses, we used a software, called 
Gaseq, which is based on a NASA method. It was developed by Chris Morley and it is accessible for 
everyone, and can be used for educational and non-profit purposes. It is mainly used for solving equations 
describing interaction of gas reactants. In the case of the rate of the theoretical and practically used molar 
oxygen demand equals one (λ=1), or it is higher than one, than we get the combustion equations back.  







nm: is the moisture content of the fuel per mole of carbon content, 
a: is the nitrogen content of the fuel,  
x1: is the molar hydrogen content of the produced raw synthesis gas,  
x2 is the content of carbon-monoxide;  
x3: is the content of water steam, 
x4: is the content of carbon-dioxide, 
x5: is the content of methane,  
x6: is residual oxygen content,  
x7: is the nitrogen-monoxide,  
x8: is the content of nitrogen-dioxide,  
x9: is content of nitrogen, 
x10: is the dinitrogen-oxide content,  
x11: is the residual solid carbon, 
xi: is the molar amount of other constituents that are formed (e.g.: ethylene, acetylene). 
 
Model examinations were made to determine the chemical composition of the produced gas product to be 
able to determine the parameters and properties characterizing the technological and energetic efficiencies. 
Applying the parametric basic equations is necessary, because we have built up the model examinations by 
using them. To determine the right side of Equation (1), e.g. to determine the unknown quantities, we have 
chosen the equilibrium constant method, by knowing the input compositions and the resulting product [1, 
6].  
We applied the equilibrium constant method, for which we first wrote the molar material equation for each 
component, than we checked if the molar material retention met. In the end, the equilibrium conditions 
were determined [1, 6]. 






The value expressed in molar amounts of the resulting products is indicated by the equilibrium mole 
number (x). The equilibrium number shows how the resulting component is generated compared to other 
product components.   
Gibbs’s free energy can be written according to equation numbers pressure and temperature in accordance 
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G: the Gibbs free energy,  
Gi
0
: is the specific saturation energy of the i-th material with respect to 1 mole of material at 
atmospheric pressure,  
R: is the universal gas constant,  
T: is the temperature of the system,  
p: is the pressure of the system,  
xi: is equilibrium mole number of component i, so the material quantity of the i-th parent material in the 
blend,  
n: is the number of chemical elements, 
∑xi: is the sum of the equilibrium numbers of the final product, the amount of the blend materials. 
 
In case of thermodynamical state, the main purpose is to minimize the G/RT rate, which is determined by 
the elemental composition.  
During the model examinations, we applied the equilibrium constant method at the pressure and the 
temperature fixed in the Gaseq software to solve the model equations. The software was created for 
analyzing chemical equilibrium processes, so applying it helps in the examination of thermic treatment 
technologies. During the simulations of gasification processes, we were able to see, how the variable input 
parameters determine the composition of the gas, produced during the gasification, which composition is 
really important to know to determine the efficiency of power and heat production, using the produced gas. 
4. REACTION EFFICIENCY EXAMINATION 
Energy efficiency is one of the central topics of our days. Energy efficiency policy is closely related to 
commercial, industrial and energy security activities, but environmental benefits have become increasingly 
important as one of the basic tools for reducing carbon emissions [3, 4]. Many conventional and non-
conventional measurements are known and applied to determine the efficiency of energy conversion. The 
following non-conventional parameters are presented. 
The reaction, or the chemical efficiency Equation (3) shows us what part of the energy content of the solid 
fuel is in the produced gas product [9, 10]. By knowing the reaction efficiency, the parameter that 
characterizing the perfection of combustion can be determined. Its calculation method is shown in Equation 





ηé = 1 - ηr, (4) 
 
where:  
Ƞr: is the reaction efficiency,  






Mgt: is the mass flow of the gas product,  
Fgt: is the calorific value of the gas product,  
Mszt: is the mass flow of the solid fuel,  
Fszt: is fuel calorific value and é is the combustion efficiency. 
 
5. EXAMINATION OF ACACIA GASIFICATION 
This study was carried out applying the aforementioned ‘Gaseq Chemical Equilibrium Program’ using the 
equilibrium constant method. To perform an analysis, it is necessary to have the temperature, pressure and 
excess air factor values of the given process and the composition of the selected fuel. In this task, in all 
cases, there is acacia wood as a fuel. The composition of the dry solid fuel is shown in Table 1.  
Table 1 The elemental composition of acacia tree of the dry base. 
Component name Amount 
Carbon content 49.50% 
Hydrogen content 5.90% 
Oxygen content 43.30% 
Nitrogen content 0.40% 
Ash content 0.90% 
 
In the process of modelling, the elemental molecules in the element must be given, not the elemental 
elements. The wood is made up of cellulose molecules, however cellulose was not included in the software, 
so I defined it from an chemical data book. Since the parameters of this data book are incomplete, therefore 
I did not can make totally successful analysis. So I looked for another molecule. This molecule was the 
phenol, with it I did make much more correct analysis. Furthermore the parameters of phenol are trusty, 
because they are included in the software, and the partial results were same as according to the cellulose. 
The corrected composition is given in Table 2.  
Following the determination of the above data, the efficiency of the reaction (gasification) was examined 
on the basis of Equation (3), under different boundary conditions. 
Table 2 The ecomposition of the dry acacia tree of the phenol content. 
Component name Amount 
Carbon content 0.000% 
Hydrogen content 1.746% 
Oxygen content 32.311% 
Nitrogen content 0.400% 
Ash content 0.900% 
Phenol content 64.644% 
 
For the determination of efficiency of the calorific value of the released combustible gases and the actual 
heating value of the wood has been calculated. The amount of released gases was determined by the 
aforementioned Gaseq software. Carbon monoxide and hydrogen gases were present in the combustible 
constituents in a significant amount. 
During these analyzes, we examined the gas composition and reaction efficiency change caused by the 
change of the excess air factor, the temperature of the reaction and the operating pressure. 
During this simulation, we varied the temperature between 600 °C and 1,000 °C, and the pressure between 
1-20 bar. The data are summarized in the following tables, than depicted in a diagram. During the test, the 






moisture content of the acacia tree was kept constant at 15%, while the excess air factor was set to 0.5. In 
all cases 1kg of acacia was simulated to be gasified. 
Table 3 shows that in case of low temperature, increasing the operating pressure decreases the hydrogen 
and carbon-monoxide production. As a result, the heating value of the produced wood-gas decreases and 
the reaction efficiency is drastically decreasing (Table 4). 
Table 3 Hydrogen and carbon monoxide amounts at 600 °C. 
Pressure [bar] Hydrogen content [kg] Carbon-monoxide content [kg] 
1 0.03700 0.38466 
5 0.02339 0.19235 
10 0.01809 0.13551 
15 0.01539 0.11033 
20 0.01367 0.09534 
Table 4 Heat value and reaction efficiency at 600 °C. 
Pressure [bar] Wood-gas heating value [MJ/kg] Reaction efficiency [%] 
1 8.3251 70.3682 
5 4.7495 40.1458 
10 3.5395 29.9174 
15 2.9611 25.0292 
20 2.6033 22.0049 
 
Table 5 and Table 6 contain the results obtained for gasification at 800 °C. The deterioration of the energy 
efficiency caused by the increase of pressure is decreasing.  While at 600 °C the reaction efficiency at 20 
bar operating pressure decreased to less than its third compared to the examinations at 1 bar, at 800 °C this 
value did not reach 10%. 
Table 5 Hydrogen and carbon monoxide amounts at 800 °C. 
Pressure [bar] Hydrogen content [kg] Carbon-monoxide content [kg] 
1 0.03438 0.52939 
5 0.03412 0.52648 
10 0.03339 0.51837 
15 0.03240 0.50705 
20 0.03129 0.49426 
Table 6 Heat value and reaction efficiency at 800 °C. 
Pressure [bar] Wood-gas heating value [MJ/kg] Reaction efficiency [%] 
1 9.4724 80.0664 
5 9.4118 79.5543 
10 9.2423 78.1215 
15 9.0092 76.1509 
20 8.7468 73.9331 
In case of gasification at 1,000 °C (Table 7 and Table 8) the effect of the pressure increase is negligible. 
On the basis of the results obtained, the increase of the operating pressure results in the reduction in the 
efficiency of gasification reaction, but the operating temperature influences in a positive direction. The 






reaction efficiency decreasing effect of the pressure increase in the function of the temperature is 
exponential. The ideal gasification temperature for acacia is between 800 °C and 900 °C, because the gas 
has the best parameters in case of setting the temperature between these values. At 900 °C it can be 
noticed, that the rate of degradation of the reaction rate, caused by the pressure increase does not even 
reach 1%. 







1 0.02967 0.59522 
5 0.02966 0.59516 
10 0.02964 0.59503 
15 0.02962 0.59482 
20 0.02960 0.59454 
Table 8 Heat value and reaction efficiency at 1,000 °C. 
Pressure 
[bar] 




1 9.5721 80.9090 
5 9.5703 80.8937 
10 9.5666 80.8624 
15 9.5621 80.8241 
20 9.5569 80.7800 
 
The above is illustrated in Fig 1. One can see how the reaction efficiency changes depending on the 
gasification temperature and on the operating temperature. It can be seen also, that at lower temperatures, 
the operating temperature has a greater effect on the efficiency of the gasification reaction than at higher 
temperatures. 
 
Figure 1. Reaction efficiency depending on the temperature and operating temperature, during acacia gasification. 
We also investigated how the reaction efficiency changes with constant excess air factor and temperature 
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Fig. 2. illustrates how the reaction efficiency varies depending on the pressure in case of 0.6 excess air 
factor. During gasification at 800 °C, 15% is the moisture content of the gaseous acacia wood.  
It can be noticed, that the increase in pressure exponentially reduces the efficiency of the reaction, so it is 
desirable to select an unreasonable high pressure during the gasification. Similar trend can be observed 
with varying the excess air factor, temperature and moisture content. 
 
 
Figure 2. Reaction efficiency as a function of pressure, constant temperature, excess air factor and moisture content. 
We also examined how the efficiency of the reaction changes, if the excess air factor and the moisture 
content of the solid fuel are varied, while the temperature is constant 800 °C and the pressure is 1 bar.  
It can also be observed that by increasing the excess air factor, the efficiency of the reaction decreases 
drastically. Increasing the moisture content of the fuel only slightly reduces the efficiency of the reaction. 
This is illustrated in Table 9. 
At the end of the analyses, we investigated, how the electricity produced from the synthesis gas from the 
gasification of the wet wood relates to the electricity produced from the combustion of the wet wood.  
We call this amount electricity density change. The method of calculation is shown in Equation (5). 
Δe𝑣 =
𝑒𝑘 𝑔𝑎𝑠𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 ∙ 𝜂𝑒𝑔𝑦 𝐷
𝑒𝑘 𝑐𝑜𝑚𝑏𝑖𝑠𝑡𝑖𝑜𝑛 ∙ 𝜂𝑒𝑔𝑦 𝑅𝐶
 (5) 
where: 
 ev: is the electricity density change, 
 ek gasification: is the specific energy output of the gasification, 
 ek combustion: is the specific energy output of combustion, 
egv D: is the electrical efficiency of the Diesel cycle used during gasification, 
egv RC: is electrical efficiency of the Rankine-Clausius cycle used during the combustion. 
Table 9 Gasification reaction efficiencies at 800 °C temperature and 1 bar pressure. 
Moisture content [%] Excess air factor [-] 
 0.5 0.6 0.7 
10 80.10% 63.65% 48.14% 
20 79.49% 63.19% 47.77% 
25 79.16% 62.93% 47.58% 






The electrical efficiency of the Rankine-Clausius cycle was 27%, while the energy productions electrical 
efficiency with the help of a gas engine was 36%, which amounts are usual. The values obtained are shown 
in Fig. 3. 
 
 
Figure 3. Change in density of electrical energy at 800 °C depending on the excess air factor and the moisture content. 
From Fig. 3. it can be seen, that with both increasing excess air factor and moisture content, the energy 
density change varies in an unfavorable direction. Increasing the excess air factor results in a more intensive 
change in the density of electricity than the increase in moisture content, therefore in case of a higher 
moisture content fuel, gasification based electricity production may be favorable. 
Over the excess air factor, the energy density change becomes negative, which means that it is not possible 
to produce more electricity from a unit of fuel using gasification technology, than using conventional 
combustion technology. 
6. SUMMARY AND CONCLUSIONS 
During the analyses, we have made sure that the simulation of the gasification of woody biomass is 
complex and complicated. Furthermore, it has become apparent that the moisture content of the raw 
material, as well as the parameters related to the technology can be influenced greatly by the excess air 
factor, temperature and pressure, which causes variation in the heating value of the synthesized gas 
produced. The analyses showed that the moisture content, the excess air factor and the pressure increase 
result in a reduction in the reaction efficiency while the temperature increase contributes to the increase of 
the reaction efficiency. 
From the results above, we can conclude, that the efficiency of the gasification is the highest, in case of 
selecting the excess air factor as 0.5. Since the moisture content does not significantly influence the 
efficiency of gasification, it can be used well, in those cases, where the moisture content of the fuel is 
relatively high (20-25%). 
By increasing the pressure, the efficiency decreases exponentially, so it does not worth choosing high 
pressure. Increasing the reaction temperature above 800 °C slightly increases the efficiency of the reaction, 
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In our opinion, the efficient operation of a power plant, using gasification technology requires a very 
complex process, and requires careful engineering work, but it worth dealing with this technology. By 
applying gasification technology, we are able to build quick-start power plants to produce electricity with 
higher efficiency, than in case of conventional incineration. 
ACKNOWLEDGMENT 
“The described article was carried out as part of the EFOP-3.6.1-16-2016-00011 “Younger and Renewing 
University – Innovative Knowledge City – institutional development of the University of Miskolc aiming 
at intelligent specialisation” project implemented in the framework of the Szechenyi 2020 program. The 
realization of this project is supported by the European Union, co-financed by the European Social Fund.” 
REFERENCES 
[1] Z.A. Zainal, R. Ali, C.H. Lean, K.N. Seetharamu, Prediction of performance of a downdraft gasifier 
using equilibrium modelling for different biomass material, Energy Conversion and Management, vol. 
42. 2001. pp. 1499−1515.  
[2] T.B. Red, A. Das, Handbook of biomass downdraft gasifier engine systems, Solar Energy Research 
Ins., 1988. p. 148.  
[3] T. Hill, S. Dowen, Pyrolysis and gasification. Briefing (Draft 2), UK Without Incineration Network 
(UK WIN), 2010. p. 9.  
[4] M.G. Patterson, What is energy efficiency? Concepts, indicators and methodological issues, Energy 
Policy, vol. 24, No. 5. 1996. pp. 377−390.  
[5] Y. Wang, C.M. Kinoshita, Kinetic model of biomass gasification, Solar Energy, vol. 51. no. 1. 1993. 
pp. 19−25.  
[6] A. Mountouris, E. Voutsas, D. Tassios, Solid waste plasma gasification: equilibrium model 
development and exergy analysis, Energy Conversion and Management, vol. 47. 2006. pp. 
1723−1737.  
[7] K.S. Hatzilyberis, Design of an indirect heat rotary kiln gasifier, Fuel Processing Technology, vol. 92. 
2011. pp. 2429−2454.  
[8] C. Morly, Method for calculating equilibrium compositions at specified temperature, Gaseq, a 
chemical equilibrium program for windows. www.gaseq.co.uk, 2001. p. 6.  
[9] K.A. Rajvanshi, Biomass gasification, Alternative Energy in Agriculture, vol. 2. no. 4. 1986. pp. 
83−102.  
[10] G. Schuster, G. Löffer, K. Weigel, H. Hofbrauer, Biomass steam gasification – an extensive 
parametric modeling study, Bio resource Technology, vol. 77. 2001. pp. 71−79. 





THE OPTIMIZATION OF TECHNOLOGICAL FACTORS DURING 
PRODUCTION OF HUMMUS SPREAD 
 
Ivana Nikolić, Ljubica Dokić ,Aleksandar Takači ,Zita Šereš ,Dragana Šoronja–Simović, Nikola 
Maravić 




The traditional hummus spread is obtained of cooked and grinded chickpeas, blended with susame paste 
(tahini), olive oil, lemon juice and spices. Hummus spread is a rich source of dietary fibers, 
polyunsaturated fatty acids, vitamins A, E and C, folate, minerals Mg, K and Fe. During production of such 
kind of spreadable food product, many factors can have influence on product behavior trough the all phases 
of production and to the final product quality. In this work, the influence of different technological factors 
on rheological, textural and sensory properties of hummus spreads made by certain recipes were examined, 
in the aim to achieve the maximum quality of final product. The way of preparation of raw materials, the 
composition of the spreads and the amount of water phase have been varied in the aim to define optimal 
rheological and textural parameters, to increase the production efficiency and in order to obtain desired 
sensory properties of final spread product. 
Keywords: hummus spreads, technological factors, rheology, texture and sensory properties 
1. INTRODUCTION  
The Chickpeas (Cicer arietinum L.) is one of the oldest and most widespread legumes, usually available in 
tropical and subtropical areas. Chickpea seeds are round and large, similar to soybean and pea seeds, with 
light brown color and specific by high amount of carbohydrates (~ 47 %) and proteins (~ 23 %). Starch is 
the most abundant carbohydrate component in the chickpea seeds, in amount about 83.9 %. Also, in 
chickpea seed are present vegetable oil (4–5 %), cellulose (3–5 %), vitamins of B–group (pyridoxine, 
riboflavin, thiamine and niacin), minerals (Na, K, Ca, Mg, P, Mn, Zn, Cu , Fe, Se), essential amino acids 
(isoleucine, lysine, phenylalanine, tyrosine, tryptophan), carotenoids, flavonoids, phenols and antioxidants 
[1, 2, 3].  
The Chickpea seeds are consumed cooked or baked, alone or in combination with other foods. The most 
commercial application of chickpea seeds is in the production of the increasingly popular humus spread, 
which was initially intended primarily for vegetarians. The traditional humus spread, which is originally 
from the Middle East, is made from cooked and grinded chickpea seeds, and then mixed with tahini paste 
(sesame paste), olive oil, lemon juice, garlic and spices. Therefore, humus is an excellent source of 
proteins, fibers, polyunsaturated fatty acids, vitamins, minerals, especially folate, calcium, magnesium and 
potassium. Four tablespoons (~ 100 kcal) of traditional humus spread daily compensate about 2 cups of 
legumes a week and about 25 g of dietary fibers. Humus also contains bioactive components such as phytic 
acid, sterols, tannins, carotenoids, and other polyphenols. Several studies confirm the positive impact of 
humus consumption on weight control, on glucose control, insulin response, positive effect on 
cardiovascular disease and cancer [4].  
Spread–making process is very demanding process, because good quality of the final product strongly 
depends on the chosen factors, such as firstly the nature of applied main components and their quantities 
and certainly the applied technological processes. The aim of this paper is to investigate the influence of 
different technological parameters on the physical and sensory properties of humus spreads and to adjust 
these parameters in order to obtain maximum quality of the final product. For that purpose, the rheological, 
textural and sensory properties of observed humus spreads, depending on the varied technological factors 
during production, were examined. 





2. MATERIALS AND METHODS 
2.1. Materials  
In the production of humus spread the certain recipe was used. The applied components in obtained spreads 
were: chickpea seeds (55.3 %), water, sesame paste (14 %), rapeseed oil (4.9 %), spices and spice extracts 
(1.5 %), table salt, citric acid, acidity regulator (sodium bicarbonate), a preservative (potassium sorbate). 
All components were kindly donated by local producer DTD Ribarstvo doo, Bački Jarak, Serbia. 
2.2. Methods 
Firstly, the chickpea seeds had been soaked in water with sodium bicarbonate for 24 h in the aim to achieve 
partial softening of otherwise very hard seeds. Then, the seeds had been cooked in fresh water for 20–30 
minutes, until they were enough soft. The hummus spreads were prepared in a kitchen blender by grinding 
and homogenizing the constituent components for 15 minutes.  
Varied factors during this production process were the way of preparation of the raw materials, the 
composition of the spreads and the amount of water phase in the composition of the spreads. In the 
composition of some spread samples, the cooked and frozen chickpea seeds were used. Cooking and 
freezing process of chickpea seeds provide constant and greater availability of prepared raw material 
during the production process, so the effect of the application of frozen cooked seeds on the properties of 
spreads has been tested with the aim to increase the efficiency of spreads production. 
Some of the spreads were prepared with freshly cooked chickpea seeds, some with frozen cooked chickpea 
seeds, some with bouillon (water remaining after cooking process), some with fresh water and some with 
combination of water/ice in aqueous phase and with different amount of aqueous phase. The influence of 
application of the water/ice combination in aqueous phase during spread production was examined in the 
aim to provide adequate temperature regulation during grinding and homogenization, because the 
temperature can significantly increase during this phase. Also, the changes of aqueous phase content in the 
composition of the spreads were examined in order to eliminate the specific property of the spread to crack 
on the surface after the pasteurization phase and during cooling.  
After preparation, the spreads were poured into suitable polypropylene packaging (PP 5) and sealed using a 
packaging machine. They were then pasteurized in a water bath at 85° C for 20 minutes. The scheme of 
production process of hummus spreads and the composition of the spreads were presented on Fig. 1 and in 
Table 1. 
 
Figure 1. Production scheme of hummus spread 















The influences of technological factors and their changes during production on the physical and sensory 
properties of obtained spreads were examined by adequate rheological, textural and sensory methods of 
analysis. The rheological measurements defined the flow curves of the spreads and the viscoelastic 
properties of the spreads. Obtained flow curves of the spreads were defined by rheological parameters: the 
yield stress τ0 (Pa) and the hysteresis loop area A0 (Pa/s). The viscoelastic properties of the spread were 
defined by the modulus of elasticity G' and the modulus of viscosity G" and their ratio, the value Tan δ = 
G"/G'. All measurements were performed by a Haake RheoStress RS600 rotary viscometer (Thermo 
Electron Corporation, Karlsruhe, Germany) with equipment plate-to-plate PP60 Ti (plate diameter is 60 
mm and gap between plates 1 mm). 
Textural measurements determined the firmness of spreads, the work of shear, the stickiness and the work 
of adhesion. The texture method Spreadability/Softness of spread was applied using the Texture Analyzer 
TA.HD Plus (Stable Micro Systems, Godalming, UK) with adequate equipment.  
The sensory characteristics of the spreads were analyzed by a quantitative descriptive method (QDA 
method) under adequate determination conditions defined by ISO standards. The coded samples were 
analyzed under appropriate conditions [5] by a six–member expert panel [6] using a numerical scale with 
seven rating levels for each sensory characteristic [7]. Also, each sensory property had its factor of 
significance on a scale from 0 to 1. Sensory parameters for appearance were: color uniformity (1), lightness 
(0.5), color intensity (0.5), and surface appearance (1). The sensory parameters for the texture of the 
spread were: hardness (1), spreadability (1), adhesiveness (0,7) and graininess. Also, the odor (1), taste 
(1), salinity (0.7) and acidity (0.7) were determined and at the end of the sensory analysis, the general 
acceptability (1) of the spreads was also evaluated. 
The applied statistical method for analysis of obtained results was the ANOVA, using 5 % level of 
significance, and statistically significant differences were determined using the Tukey's post hoc test, also 
with 5 % level of significance. The approximation of the sensory characteristics of the spreads to the 
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Where ωi is the relative significance of observed characteristic compared to other characteristics (1 is the 
maximum and 0 is the minimum). Si is the mean square deviation of the arithmetic mean compared to the 
optimal value. Between some individual variables the mutual correlations were determined and expressed 
by Pearson's correlation coefficient-r, using Statistica 12.0 software package (Statsoft, Tulsa, USA). 
Obtained hummus spread with optimal properties was observed by optical microscope (TP-1001C Topica 
Ccd Camera (Kruss)) at magnification of x 40 and x 100.  
 
Sample Sample composition 
1 Freshly cooked chickpeas / chickpea bouillon / 24 % W 
2 Freshly cooked chickpeas / water / 24 % W 
3 Frozen cooked chickpeas / water-ice / 24% W 
4 Frozen cooked chickpeas / water-ice / 28% W 
5 Frozen cooked chickpeas / water-ice / 32% W 
6 Frozen cooked chickpeas / water-ice / 36% W 





3. RESULTS AND DISCUSSION 
The composition of the first three samples of the spreads was different (Table 1). Sample 1 consisted of 
freshly cooked chickpea seeds, of bouillon (water remaining after cooking process) and of other consisting 
components of the spread. Sample 2 was made of fresh cooked chickpea seeds and fresh water, while the 
sample 3 was made of cooked and frozen chickpea seeds and of water/ice combinations in aqueous phase. 
Frozen chickpea seeds were used in the aim to increase the efficiency of the production, and the water/ice 
combination was used in the aim to regulate the temperature during homogenization process. For all three 
samples the amount of aqueous phase was constant, 24 %. During rheological analysis of humus spreads 
samples, the flow properties of spreads with different composition, samples 1, 2 and 3 were firstly 
examined. Flow curves of these three observed samples are presented in Fig. 2.  
 
 
Figure 2. Flow curves of the hummus spreads dependent on composition 
 
All three curves formed a characteristic hysteresis loop which pointed to thixotropic type of flow. This type 
of flow is specific for spreadable food systems, because their structure is gradually degraded during applied 
shear stress, but it has an uncommon ability to recover after the stress is removed. The surface of the 
hysteresis loop A0 has the dimensions of energy required to break down the structure of the system [8]. 
On the other hand, the yield stress τ0 is the minimum stress required for the system to begin to flow [8] 
(Table 2). For the sample 2, the yield stress is statistically significantly lower than the yield stresses of 
samples 1 and 3, which means that this spread offers less resistance to the flow than the other two spreads. 
The statistically significantly larger surface of the hysteresis loop of sample 3, compared to hysteresis loop 
of samples 1 and 2, indicated a stronger, more arranged structure of the system and higher degree of 
structure organization. 
 





Table 2. Rheological parameters of hummus spreads with different composition 
Sample 
Yield stress, 
τ0 (Pa)  ± SD 
Hysteresis loop area, 
A0 (Pa/s) ± SD 
Tan δ ± SD 


















a-b Different letters in the superscript means statistically significant difference at p=0.05 
 
The viscoelastic nature of the spreads was defined by the rheological parameter Tan δ and represents the 
contribution of the elastic, G', and viscous, G", components of the system. For all spreads, the ratio of these 
system components, namely the value Tan δ was less than 1 and indicated the dominance of the elastic 
component. Also, statistically significant differences between the values of Tan δ for observed spreads 
were not registered. 
Based on the rheological observation of these three spread samples with different composition, it can be 
observed that they are spreadable food systems with thixotropic type of flow and with a similar viscoelastic 
nature in which the elastic component are dominate. 
The textural characteristics of these spreads are shown in Table 3. Statistical analysis did not show a 
pronounced difference between these textural characteristics and most of the observed parameters are close 
to each other. Accordingly, it can be observed that the preparation phase of chickpea seeds did not have a 
significant effect on the texture of the spread, as well as the preparation and composition of the aqueous 
phase within the spread did not influenced to textural properties. This means that the application of cooked 
and then frozen chickpea seeds in production of hummus spread provide an elastic, developed structure of 
the spread, confirmed by rheological analysis, without negative influence on textural characteristics of the 
spreads, which all increase efficiency of production due to the constantly available cooked chickpea seed 
as raw material. 
 
Table 3. Textural characteristics of hummus spreads with different composition 
Sample 
Firmness ± SD 
(g) 
Work of shear ± SD 
(gsec) 
Stickiness ± SD 
(g) 
Work of adhesion ± SD 
(gsec) 
























a-b Different letters in the superscript means statistically significant difference at p=0.05 
 
The sensory characteristics of observed spreads with different composition (samples 1, 2 and 3) were 
compared using the optimization function of ranking. Based on sensory properties shown at Figure 3 and 
based on ranking function, the sample 3 was singled out. The value of the ranking function for this spread 
is the lowest (f= 0.3167) compared to samples 1 and 2 (f= 1.9889 and f= 1.5792). A smaller function value 
indicates values closer to the optimum values of sensory properties. Accordingly, a spread made of cooked 
and frozen chickpea seeds and using the water/ice combination for aqueous phase exhibited the best 
sensory characteristics comparing these three spreads samples. 
 







Figure 3. Sensory properties and their factors of significance for hummus spreads with different composition;  
*Graininess does not have an optimal value and it was determined on a scale of 1 (smooth) to 7 (grainy) 
Thus, in the further work, the frozen cooked chickpea seeds were used as the main raw material for the 
production of spreads. Also, for the aqueous phase has been used the combination of water/ice, but the 
amount of aqueous phase has been varied in the aim to determine the optimal content of the aqueous part in 
the spread, which will prevent cracking of the spread surface after pasteurization and during time.  
The rheological analyzes of these spreads with different water content showed that they were also 
spreadable viscoelastic systems with thixotropic type of flow and with relatively equal ratio of elastic and 



















Figure 4. Flow curves of the hummus spreads with different amount of aqueous phase 
 





Table 4. Rheological parameters of hummus with different amount of aqueous phase 
Sample 
Yield stress, 
τ0 (Pa)  ± SD 
Hysteresis loop area, 
A0 (Pa/s) ± SD 
Tan δ ± SD 



























a-d Different letters in the superscript means statistically significant difference at p=0.05 
 
The changes in water content affected to the degree of arranging in the system and thus to the consistency 
of spreads. Thus, the consistency of the spreads tended to decrease during increasing water content and all 
observed rheological parameters had decreasing tendency (Table 4). However, the increase in the amount 
of aqueous phase was extremely reflected to the texture properties of the spreads and thus to decrease of 
texture parameters (Table 5). 
 
Table 5. Textural characteristics of of hummus with different amount of aqueous phase 
Sample 
Firmness ± SD 
(g) 
Work of shear ± SD 
(gsec) 
Stickiness ± SD 
(g) 
Work of adhesion ± SD 
(gsec) 
































a-c Different letters in the superscript means statistically significant difference at p=0.05 
 
Observing the sensory properties of these spreads with different amount of aqueous phase and using the 
optimization function of ranking, one spread with sensory properties that were closest to the optimal 
desired properties could be singled out. The ranking functions for the observed samples were: for sample 3 
f= 0.2917, for sample 4 f= 0.0694, for sample 5 f= 1.575, and for sample 6 f= 11.9805. Based on that, a 
sample 4, with 28 % of the aqueous phase was distinguished, because its ranking function was the lowest 
and its sensory properties were rated with the highest marks (Fig. 5). Beside very good other sensory 
properties, the hummus spread with this amount of aqueous component did not exhibit cracking of the 



















Figure 5. Sensory properties and their factors of significance for hummus spreads with different amount of aqueous phase; 
*Graininess does not have an optimal value and it was determined on a scale of 1 (smooth) to 7 (grainy) 





Also, a relatively high correlation was noticed between sensory and instrumentally determined texture 
parameters (Pearson's correlation coefficient r= 0.9252–0.9615). It means that the instrumentally measured 
texture parameters for sample 4 can be defined as optimal (firmness, work of shear, stickiness and work of 
adhesion). A similar correlation was obtained with rheological parameters (r= 0.8538–0.8415). Thus, it can 
be concluded that with these technological parameters of the rheology and texture of the spreads, defined 
for sample 4, the desired optimal sensory properties of the spreads can be achieved. 
The structure of this spread with optimal properties was analyzed by optical microscope and presented at 
Fig. 6. It can be noticed that solid particles of the spread with dimensions between 140–210 μm were 
evenly distributed through the continuous liquid phase of oil and water, which provided adequate 

















Figure 6. Structure of humus spread with optimal properties and distribution of its constituents 
4. CONCLUSIONS 
For the production of hummus spread, the frozen cooked chickpea seeds can be used in the aim to provide 
constant availability of main raw material and to increase the production efficiency. Also, the aqueous 
phase of the spread can be consisted of combination of water and ice, in the aim to provide constant 
temperature during homogenization process and to prevent temperature increasing. Application of frozen 
cooked chickpea seeds and combination of water/ice provides good rheological properties during 
production and do not disrupt the textural properties of the spread and beside the all mentioned advantages, 
also provides the desired sensory properties of the spread, which are very close to the optimal properties. 
The amount of aqueous phase in the spread should be 28 % with the aim of achieve adequate quality of the 
final product after all stages of production, meaning excellent sensory properties without unwanted 
cracking of spread surface. All these technological factors can provide production of a nutritional and 
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ABSTRACT 
Aim of this paper is to examine the effect of spiked copper (Cu), nickel (Ni) and lead (Pb) metal salts on 
the dehydrogenase (oxydo-reductase) and phosphatase (hydrolase) enzyme activities in a characteristic 
Hungarian soil, the pseudomycelliar chernozem. Pot-experiment was performed with a soil, originating 
from a spot of the Hungarian soil-information-monitoring (TIM) system of Bicserd. The added metal salts 
were used in water soluble forms and incorporated uniformly to the soil. Soils were treated with increasing 
metal concentrations to give the following metal amounts: 0, 50, 200, and 800 kg.ha
-1
. Enzyme activities of 








 days after the metal addition. The laboratory model-
experiment has been set up in three replicates.  
Effects of metal salts were largely dependent on the chemical and physical properties of pseudomycelliar 
chernozem soil, the applied heavy metal-types, the doses of used metals and the elapsed time after the 
pollution. Considering the different metals, the copper prowed to be the most toxic one on the studied 
enzyme activities, whereas the lead induced those. By comparison with copper the nickel affected a smaller 
decrease in the soil microbial activity. The dehydrogenase, oxydo-reductase enzyme was found to be more 
sensitive parameter in comparison with the phosphatase, hydrolase enzyme among the studied condition. 
Studied enzymes and used methods are suggested, as fast and rather reliable tools for estimating the soil-
resilience capacities at heavy metal pollution.  
Keywords: soil, metal, contamination, phosphatase, dehydrogenase. 
1. INTRODUCTION  
Soil is the most important renewable natural resource. Protection of the soils in the Earth is one of the 
inevitable task nowadays and might be the key-issue of the sustainable agricultural practices [1]. For this 
reason on the basis of the UNESCO decision, 2015 is the annual year of the soils in the World. It is rather 
evident for nowadays, that soil-functioning is largely dependent on the soil biota, among them the soil-
microorganisms. The activity of rarely measured microbial parts is resulted from the interactions among 
soil-physical-chemical- and biological parameters. 
Metal pollutions can alter those soil-biological activities, and can reduce the soil-fertility and function. The 
use of soil biological markers related to microbial activity, for instance microbial biomass, enzyme 
activities are the most wide-spread [2] [3].Those parameters can be correlated with the soil quality and 
function. The soil-enzymology with other methods can contribute to better understanding of substance 
circulation in soil. Many studies reported about the effects influences the enzyme activities [4]. 
Metal contaminations might influence on the quantity indicators of the soil-biological activities and might 
affecting on the enzyme activities, as well. Since the enzyme activities of the soils are determined by the 
organisms living in the soil, alterations in the enzyme activities could indicate the biological activity and 
the real functioning of the soil. Thus, the current biological activity of soils could represent therefore the 
values of soil-quality, among them the status of metal pollutions.  
Severity of metal pollution might be highly dependent on the binding form and availability of metals in the 
soils. The physico-chemical properties of metals and their affinity to the soil-particles are known to be 






crucial parameters [5]. In case of copper (Cu) for instance the form fixed to the organic substances is 
known to be the largest. Binded of lead (Pb) to the Fe and Mn oxids is also considerable. In case of the 
nickel (Ni) on the other hand, the exchangeable form is known to be the biggest.  
The effect of increasing heavy metal doses were studied and characterised by the indigenous microbial 
enzyme activities in a main Hungarian soil, by an in vitro model-experiment. The phosphatase and 
dehydrogenase activities were representing the hydrolase and oxido-reductase types of enzymes in the soil. 
The study was concentrating on the interrelations between the physical-chemical soil characteristics, the 
studied soil-biological parameters and the metal contaminations in a characteristic soil in Hungary. 
2. MATERIALS AND METHODS 
2.1 Main characteristics of the pseudomycelliar chernozem soil 
A characteristic Hungarian soil-type was used in the in vitro model-experiment. It is the pseudomycelliar 
chernozem from Bicsérd. The most frequent physical and chemical parameters of the soil are shown in the 
Table 1. 
 
Table 1. Main soil physical and chemical properties of the characteristic pseudomyceliar chernozem soil from Hungary, Bicsérd). 























































































7.04 7.84 1.90 2.05 45 22 31.50 33.70 34.90 
 
2.2 Experimental conditions 
The water-soluble salt of the copper-sulphate (CuSO4*5H2O, concentration = 39,29 g/100cm
3
), nickel-
chlorid (NiCl2*6H2O, concentration = 40,50 g/100cm
3
) and lead-acetate ((CH3-COO)2Pb*3H2O, 
concentration = 36,62 g/100cm
3
) were added to the tested soil in vitro. The test-soil was treated with 
increasing metal concentrations: 0, 50, 200 and 800 kg.ha
-1
. Enzyme activities of the pseudomycelliar 








 days after the metal addition. The experiment was 
carried out in three replicates.  
The heavy metal content of soils depend strongly on the physical type of the soil. Pseudomycelliar 
chernozem is a loamy soil, and the average  Cu-content is 18 mg.kg
-1
, the Ni-content is 20 mg.kg
-1
, Pb-
content is 16 mg.kg
-1
 on the basis of Hungarian Soil Monitoring Survey [6]. The soil pH influenced largely 
the damaging effect of heavy metals. Therefore the pH of metal-solutions have been set up on the neutral 
pH with KOH. The own pH (KCl) of pseudomycelliar chernozem is 7.04 and the pH (H2O) 7.84. Organic 
substances (humus content 2,05 %) increase the mobility of heavy metals in a pH neutral environment.  
 
2.3 Methods used in the study 






The total substrate decomposition of soil-phosphatases has been determined by the method elaborated 




PNP (P-nitro-phenil-phosphate)                                        P-nitro-phenol 
 
The soil-dehydrogenase activity characterizes accuratly the intensity of decomposition –processes of soil-
microorganisms [8], and has been specified by the Hungarian standard [9].  
 
 
TTC (2,3,5-Triphenil-tetrazolium-chlorid                                       1,3,5-Triphenil-formazane
 
 
2.4The applied apparatus  
The phosphatase and dehydrogenase enzyme activities has been assessed by a semi-automatic 
spectrophotometer (Type JASCO -530PC UV/VIS). Data were analysed with statistical program using 
method of min.  square error. 
3. RESULTS AND DISCUSSION 
3.1Time-dependent dehydrogenase and phosphatase enzyme activities 
Increasing doses of dehydrogenase and phosphatase enzyme activities were estimated during a monthly 






doses are not shown. The effects 
of 800 kg.ha
-1
 doses is shown in Figure 2. The dehydrogenase and phosphatase enzyme activities of the 
non-treated pseudomycelliar chernozem showed a similar values against time.  
At the Cu doses of 50 kg.ha
-1
 the dehydrogenase enzyme activity remaind about at the same level. 
Whereas, in case of Pb contamination the dehydrogenase enzyme activity extended until the 14
th
 day, then 
decreased under the value measured on the day of contamination. By this doses the phosphatase enzyme 
activity decreased at the Cu and Ni pollution, but increased at Pb pollution.  
At the Cu doses of 200 kg.ha
-1




 day of 
contamination, then reduced the dehydrogenase enzyme activity. On the other hand the phosphatase 
enzyme activity decreased continuously. 
The dehydrogenase enzyme activity decreased by comparison with control in the event of Cu and Ni 
pollution at the doses of 800 kg.ha
-1
. This Pb doses increased the activity by 25%. Same tendency has been 































Figure. 2. The dehydrogenase (A) and phosphatase (B) enzyme activities of the tested pseudomycelliar chernozem at the doses of 
800 kg.ha-1 plotted against the time. 
 
3.2 Dose-dependent dehydrogenase and phosphytase enzyme activities 
Figure 3. shows  the measured enzyme activities simultaneously with the ratio of used metals and the 







































































On the day of contamination (A) the phosphatase enzyme activity has been evenly reduced parallel with 
amount of contamination at all of three metals. Cu and Ni pollutions resulted the similar change of 
dehydrogenase enzyme activity to the phosphatase enzyme activity.  
On the 7
 th
 (B) day a regeneration has been observed. The doses of 800 kg.ha
-1
 has been result the largest 
effect: at the case of Cu and Ni decreased, while the Pb increased. On the 14
th
 (C) and 28
th
 (D) day of 
experiment the largest amount of Cu (800 kg.ha
-1
) reduced the studied enzyme activities  to the minimal 
level. Whereas the Pb increased that by 23%.  
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The measured values given: Phosphatase enzyme activity: mg p-nitro-phenol / 1 g soil / 1 h 
Dehydrogenase enzyme activity: mg phormazan / 1g soil / 24 h 
Figure. 3. The phosphatase and dehydrogenase enzyme activities of the tested pseudomycelliar chernozem at different times versus 
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Three metals used in the experiment resulted different changes in the activity of soil-microorganisms. The 
copper was toxic on dehydrogenase and phosphatase enzyme activities in all cases, while the lead 
increased the two enzyme activities in 90% of variations of exposition times and treatments. The nickel 
effected a similar, but smaller change in the microbial activity of soil. 




 extended the dehydrogenase and phosphatase activity-changes, but 
proportionally to the amount of metals.  In the event of Pb
2+
 dose-dependent has been found only by 
dehydrogenase activity. 
The oxido-reductase-type dehydrogenase enzyme system proved to be more sensitive than the hydrolase-
type phosphatase enzyme system in case of soils with large adsorption capacity.  
 
4. CONCLUSIONS 
The change of the enzyme activities of psedudomycelliar chernozem was very sensitive to the 
environmental conditions, and much faster to detect, as the quantitative change in the number of the 
microorganisms. The method of the determination of enzyme activities in case of metal pollutions were 
suitable to estimate the soil-toxicity. These experiments help us to establish a model for the natural ability 




Our work was created as part of the project "Sustainable Raw Material Management 
Thematic Network— RING 2017" EFOP-3.6.2-16-2017-00010 within the Programme 
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Today, the increasing use of solar energy contributes to the EU's energy policies. Increasing use of 
renewable energy sources reduces pollutant emissions, dependence on fossil fuels and improves air quality. 
Globally, installed photovoltaic capacity has reached 400 GW by the end of 2017, and is projected to reach 
4,500 GW by 2050. In the context of this research, we would like to present a detailed presentation of the 
possibilities and effects of integrating solar systems into electricity networks. The integration of renewable 
energies into networks is of paramount importance to researchers because of current energy demand and 
the depletion of fossil fuel reserves and environmental impacts. In this study, we highlight the effects of 
solar network integration on both the solar system and the public utility service. We also report on the 
opportunities and impacts of integration in Hungary in connection with our research. Today, solar panels 
are the cornerstone of sustainable development. 
Keywords: solar panel, PV, integration, electricity network 
1. INTRODUCTION 
In a brief historical review, we would like to highlight the importance of integrating solar systems into the 
electrical grid. Standardized integration of photovoltaic systems enables optimum use of photovoltaic (PV) 
systems. Optimized use improves the efficiency of the photovoltaic system, reduces operating costs and 
provides added value for both the consumer and the service provider. The integration of solar systems is a 
widespread practice in countries around the world as there is a growing need for alternative clean energy to 
fossil fuels. Integration uses smart network technology (smart systems), which senses and responds to 
different states of the network system. Intelligent technologies offer opportunities to increase network 
stability during integration and to operate solar systems more cost-effectively. The use of smart grid 
technology is essential if the integration of renewable energy sources into the electricity grid exceeds 30% 
[1]. Due to the predictability of renewable energy sources, there are many integration challenges. The 
various systems and measures provide opportunities to maintain the stability of the electricity network. 
2. SOLAR PANEL PRODUCTION 
Photovoltaic (PV) power generation is one of the most advanced technologies for renewable energy 
production. Solar technology is currently the world's third most important renewable energy source after 
water and wind. Solar energy produces low-carbon energy. Solar PV energy consumption has increased in 
the last few decades. 2017 was an outstanding year for the photovoltaic industry. Solar energy has 
delivered more new capacities than nuclear and fossil fuels (see Fig. 1) [2]. 
To reduce manufacturing costs, the production of large-area PV units is a new trend. In 2018, Saudi Arabia 
launched a bid for a 300 MW power plant to produce the world's lowest price ($ 0.0234 / kWh) [3]. Due to 
the development of solar technologies, the cost of production is constantly falling. China led the world in 
solar generation in 2017 and installed 50% of the world's new solar generation capacity. Solar production 
capacity in Europe has grown at a slower rate, which was only 30% higher than a year earlier. By the end 
of 2022, global solar power generation capacity may increase to 1270.5 GW, and solar power will exceed 
1 TW (TWh). 






In 2017, the Asia-Pacific region became the leading region in solar energy as it increased its capacity by 
73.7 GW to reach 221.3 GW of total installed capacity.  
 
Figure 1. Installed power generation capacity in 2017 
Meanwhile, European nations were pioneers in solar energy and continue to collectively rank second in the 
world in terms of capacity with 114 GW of total PV capacity, with their share falling to just 28%. The 
United States ranks third with a total installed capacity of 59.2 GW, or about 15% [3]. The share of Africa 
and the Middle East decreased in 2017. Even after the addition of 2.1 GW, the total solar capacity of 
6.9 GW was only 1.7% of the world's total capacity. Nearly one third of the world's solar generation 
capacity has been operated by China, based on significant growth since 2016 (Fig. 2). 
 
Figure 2. Top 10 countries based on total installed PV capacity at end of 2017 [2] 






As can be seen in Fig. 3, in Hungary, as a result of existing policy measures, the installed capacity of 
renewable electricity generation units will exceed 7200 MW by 2030, of which more than 6600 MW will 
be generated by solar panels. Renewable electricity is expected to exceed 6500 GWh in 2030, with nearly 
70% covered by solar panels. The share of renewable energy use is projected to be 12.8% of gross final 
electricity consumption in 2030. 
 
Figure 3. Installed electricity generation capacities for renewable energy use broken down by technology (installed capacity - 
Hungary) [4] 
3. STABILITY OF ELECTRICITY NETWORKS 
Fluctuating supply of renewable energy sources posed risks to the stability of the grid and the security of 
energy supply.  
 
Figure 4. United Kingdom live power cuts [13] 






Previously, only hydropower and biogas from power plants could be used to feed the network safely. 
Nowadays, intelligent grid technologies provide an opportunity to supply energy from other renewable 
sources as well. Fig. 4 illustrates the stability of power grid systems in the United Kingdom. Fig. 5 
illustrates the stability of power grid systems in the European countries. 
 
Figure 5. Average annual blackout in European countries in 2016 (including unexpected events) [5] 
The increasing share of decentralized production capacity from renewable sources of energy will continue 
to have a negative impact on the quality of supply [5]. We saw a typical example of system outages in 






Germany in 2017. Losses due to extreme weather events such as storms, floods and snow have nearly 
doubled from a year earlier. In Germany, the average power failure in 2016 was 13.3 minutes. 
The design of the power grid system determines further development opportunities. The integration of 
energy from renewable sources into the electricity grid requires new grid systems and modifications. The 





Figure 6. General layout of the electricity network 
It is the responsibility of the network operators to ensure the stability of the grid in the event of a large 
influx of renewable energy sources and the organization of cooperation between transmission (main) and 
distribution (sub) grids. 
Using renewable energy sources, power systems become dynamic and require a new strategy to modify 
traditional control algorithms. Systems using renewable energy sources are connected to the grid using 
intelligent grid technology, thereby reducing the overall inertia of the grid (Fig. 7). 
 
 
Figure 7. Equivalent inertia constants are estimated worldwide for each continent. Change between 1996 and 2016 [6] 






4. ELECTRICITY NETWORK OPERATION 
The various challenges of operating networks are illustrated by examples. In the context of this study, we 
are presenting network operational improvements for Germany and Hungary. 
In 2017, 33.3% of German energy production came from renewable sources (13.5% of which were 
offshore wind, 2.7% offshore wind and 6.1% photovoltaic). More than two-thirds of Germany's mainland 
wind is installed in the northern and north-eastern provinces of Schleswig-Holstein, Lower Saxony, 
Mecklenburg-Vorpommern, Brandenburg and Saxony-Anhalt. Meanwhile, metropolitan areas and energy-
intensive industries are largely located in the south and west of the country (Fig. 8). During one year, the 
northern state of Schleswig-Holstein produces more energy than it can use, while the Bavarian government 
has indicated that it will have to account for 3 GW of capacity shortfall after the last nuclear power plant is 




Figure 8. Northern Germany has excess wind power surplus, while southern electricity shortage (operator of Amprion 
transmission network) [7] 
At present, 35,000 km of power lines linking north and south of Germany are overloaded and there is a 
period in power generation where they are unable to transmit all the power generated in the north. On 
windy days, enormous amounts of renewable energy are flowing into the electricity market, depressing 
wholesale prices and encouraging consumers in the southern part of the country to consume excess power. 
At present, the grid is not capable of handling the high volumes of energy transported during the high wind 
days, and thus, in the south, it is able to meet the increasing power requirements by producing additional 
power plants. The excess energy produced by power plants is sold at higher prices in the south. In the 
northern part of the country, renewable energy production must be restricted during the same period. This 
problem entails additional costs for electricity grid operators, as wind power producers have to be 
compensated for wind turbine downsizing or shut down [7]. 
In Germany, too, there is continuous development of modern and high-performance infrastructure. To 
solve this, the power lines need to be better constructed and the overall system resilience increased. New 
high-power electricity highways will be developed from northern and eastern Germany to southern areas. 
Another major driver of network development in Germany is the single European energy market. In order 
to have unrestricted electricity flow across Europe and to make electricity cheaper for consumers, there is 
also a need for significant infrastructure development in European countries. European electricity network 
operators therefore submit a joint network development plan every two years, which includes all German 














When developing distribution networks, account should be taken of the flexibility required by renewable 
energy sources. The solution is to provide the right flexibility for smart networks (with proper 
communication at all levels). Electricity generation and use can thus be more easily harmonized and 





Figure 9. Schematic diagram of a smart network [8] 
The transformation of the electricity market is a major challenge. Germany has already initiated a reform 
process to this end and has already taken the first steps. An important feature of this is flexibility [8]. All 
actors in the electricity market should respond as much as possible to fluctuations in the supply of wind 




Figure 10. Total electricity generation and electricity consumption in Germany in 2017 [8] 






Hungary's transmission network is controlled by MAVIR Ltd. (Hungarian Electricity Transmission System 
Operator Limited Liability Company. It is a member of the ENTSO-E European Electricity Transmission 
Network, which connects the national systems at the continental level. countries except Russia, Ukraine, 
Belarus, Albania and Turkey. Part of Ukraine, Albania, Moldova, Maghreb and Turkey are synchronously 
linked to the system. (Fig. 11) MAVIR joined the XBID project on November 19, 2019 to implement the 
intraday market interconnection model. Electricity from renewable energy would be used immediately by 
interconnected networks, thus relieving the environment. 
 
 
Figure 11. Operation of the domestic electricity market [10] 
In addition, the Hungarian system is part of UCTE's European High Voltage Transmission System, which 
is the largest synchronous system in the world. From this large system, we can buy (import) and sell 
(export) electricity. Unfortunately, Hungary has a negative balance, i.e. we need imports. 
As shown in Fig. 3, in Hungary, as a result of existing policy measures, the installed capacity of renewable 
electricity generation units will increase by 2030. Fig. 12 shows the distribution of installed capacity of 




Figure 12. Distribution of installed capacity of all Hungarian power plants by primary source as at 31 December 2018 [10] 
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In the case of the Hungarian electricity system, we distinguish between primary, secondary and tertiary 
control. If there is a power shortage that causes the frequency to start to fall, the power output of the power 
generators will begin to increase, fixed from the previous operating point to a new operating point, this 
primary control. During secondary control, the power plant generators start to increase the speed to return 
the reduced frequency to normal. For this purpose, quick-start power plants are used, located in Litér, 
Lőrinci and Sajószöged. In tertiary control, we want to restore the original power distribution, which 




Figure 13. Total electricity generation and electricity use (net) in Hungary in 2019 [11] 
It can also be clearly seen from Figure 12 that Hungary currently has a very high net import ratio (vacant 
area under electricity use), averaging around 30%. In Europe, only Lithuania, Luxembourg, Albania and 
Croatia have higher rates [12]. However, the high net import ratio is accompanied by a very strong network 
connection: the import capacity equals 55% of the total installed domestic power plant capacity. Only 
Croatia (80%), Luxembourg (58%) and Slovenia (75%) have higher values in the EU. Between 2015 and 
2018, 21.5% of the domestic installed power plant capacity was physically unable to meet domestic 
demand due to their low availability, i.e. we were forced to import. 
Capacity mechanisms, as regulatory interventions for security of supply in Europe, are perceived as 
twofold: the European Commission firmly rejects their necessity and imposes strict conditions on their use; 
Twelve Member States currently use some form of capacity mechanism, although in six of them ENTSO-E 
has not anticipated any security of supply problem [12]. 
Practice shows that there is currently no "clean" energy market that is proven to be able to guarantee 
security of supply without interference in the long term, especially at the level expected by policy makers. 
Each of the known markets employs some form of administrative intervention in the operation of the 
market, not infrequently drawing on theoretical literature. These range of instruments range from market 
organization measures to promote market integration (and "market" operation) of renewables, to 
interventions aimed at strengthening price signals (e.g. scarcity pricing) and to the organization of capacity 
markets [12]. 
The REKK (Regional Centre for Energy Economics Research) examines the future of the domestic 
wholesale electricity market, including the development of wholesale prices and import rates and the cost 
of renewable subsidies. In the current measures’ scenario, net imports will fall very sharply between 2029 






and 2032, and in 2030 Hungary will become a net exporter thanks to the production of new Paks blocks. 
However, in the early 1930s, net imports rose again as natural gas producers continued to close and no new 
capacity was being built or old Paks blocks were exiting the system. Renewables will be close to 20% in 
2030 due to relatively modest wind power and lower biomass production compared to other scenarios [12]. 
 
 
Figure 14. Current provisions scenario measures electricity mix, renewables and net imports, 2018-2035 [12] 
5. CONCLUSIONS 
In this article we have reviewed the potentials of solar panels and their operational aspects. We have 
summarized the development trends between countries using renewable energies. Evolutionary trends 
show that the use of solar panels is growing the best compared to other renewable energy sources. 
Integrating a solar system into national grids can reduce transmission and distribution pipeline losses, 
increase grid stability, lower production costs and reduce the need to invest in new utility generation 
capacity. The purpose of this article was to review current and future plans for the production and 
integration of large-scale solar systems in a network dominated by conventional fossil fuels. Much of the 
research has shown positive results in terms of integration. The effects of integration on system stability 
and security should be carefully considered before installing a facility. Prior to deployment, advanced 
integration technologies should be considered. Optimized forecasting is essential for proper system 
stability. 
Due to the economic viability and robustness of the system, solar technology can be treated as a major 
guideline for sustainable development. 
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ABSTRACT 
Treatment of municipal effluents has long been a challenge for modern technologies combining high 
effectiveness of degradation of pollutants with low costs of the process. Hydrodynamic cavitation is a 
promising application in wastewater treatment due to its simple reactor design. In this work, for a system 
available in the laboratory a hydrodynamic reactor is designed based on literature recommendations. On 
the designed Venturi tube, two-dimensional numerical simulations were investigated by the means of CFD 
computations using the commercial software package, Ansys Fluent. The resulting cavitation bubbles were 
analysed at different inlet pressures. 
Keywords: hydrodynamic cavitation, Venturi, cavitation number, CFD. 
1. INTRODUCTION 
Nowadays the treatment and utilization of the ever-increasing sewage sludge is a major environmental 
problem. The amount of sewage sludge generated in Hungary is projected to increase from ~179 thousand 
tons registered in 2013 to ~250 thousand tons by 2027, therefore a unified strategy for efficient treatment 
and utilization of sewage sludge has been established (Sewage Sludge Management and Recovery Strategy 
2014-2023, [1]). Most importantly, sewage sludge should not be considered as waste to be disposed of, but 
as a secondary raw material for soil fertilising or renewable energy source. This is the main idea of the 
ongoing research at University of Miskolc [2]. 
Wastewater and sewage sludge are transformed into micronutrients and macronutrients that are easily 
absorbed by plants, and their organic matter content improves many soil properties. Wastewater can 
contain toxic heavy metals, drug residues, which are non-degradable substances that may enter the food 
chain through uptake or erosion, thereby endangering the environment and human health. Only wastewater 
stabilized by aerobic, anaerobic, chemical treatment or stored for 3-6 months may be applied to agricultural 
land. Many new chemical and biological methods have been proposed in the literature, one of these 
promising new disinfection technologies is the use of cavitation, which has the great advantage of not 
introducing new chemicals into the water. 
Cavitation is a physical phenomenon when the pressure of a liquid is reduced to a pressure of saturated 
water vapour and a vapour phase appears in the liquid, as so-called cavitation bubbles. When the cavitation 
bubble collapses, where condensation and vapour compression occur, this energy is released. When the 
bubble collapses, thousands of kelvin temperatures occur (theoretically), but they last for a very short time 
(~ 1 µs), during which time the temperature drops to the temperature of the surrounding liquid [3]. These 
conditions are suitable for breaking the cell wall of the organic material. Through sludge treatment, they 
increase biodegradability and increase anaerobic digestion, resulting in higher biogas production, less 
retention time and reduced sludge. 
There are two types of cavitation methods: acoustic (ultrasonic) and hydrodynamic cavitation. Acoustic 
cavitation is induced by the presence of pressure waves that propagate through the liquid region. Acoustic 
cavitation is most often used for the treatment of industrial wastewater [4-6]. The problem with ultrasonic 
cavitation devices is that cavitation effects only occur near the vibrating surface, which reduces the ability 
to treat the entire wastewater. According to Dular et al. (2016) [7], the application of hydrodynamic 






cavitation is better because it is easily scaled, it can operate in continuous mode, and in many cases has a 
higher removal efficiency than acoustic cavitation. For example Patil and Gogate [8] found for the 
degradation of methyl parathion pesticide that the hydrodynamic cavitation is around 20 times more energy 
efficient than acustic cavitation 
Hydrodynamic reactor designs are typical orifice [9] or Venturi type [10, 11] construction. Many 
researchers have studied high-speed visualization of cavitation inception and growth through individual 
Venturi devices [12, 13]. The Venturi volumetric flowmeter consists of a simple design with a convergent, 
a throat and a divergent section. A fluid's velocity must increase as it passes through a constriction, while 
its static pressure must decrease in accord with the principle of conservation of mechanical energy 
(Bernoulli's principle). Thus, any gain in kinetic energy a fluid may attain by its increased velocity through 
a constriction is balanced by a drop in pressure. If the throttle is high enough, the local absolute pressure 
drops below the unsaturated vapour pressure and microbubbles appear in the liquid. In the diffuser section 
of the Venturi tube, velocity decreases and pressure increases. As the pressure increases, the cavities 
collapse, leading to strong noise, vibration and erosion of the surrounding solid bodies. 
The main objective of this work is to design a Venturi tube for hydrodynamic cavitation based in literature 
and two-dimensional flow through the Venturi is investigated numerically using CFD method. Optimal 
grid resolution for such a flow were selected by using a preliminary study. Numerical calculations were 
carried out to analyse cavitating flows and to describe the two-phase flow structures in Venturi geometry.  
2. COMPUTATIONAL SETUP 
2.1. Geometry design 
An experimental equipment is available in the laboratory from which a hydrodynamic reactor is designed 
according to literature recommendations. The experimental setup consists of an open tank, a centrifugal 
pump, a pipeline and a discharge point. The working principle of the setup is based on the recirculation of 
the fluid inside the tank by the centrifugal pump through the cavitation device and refeeding it back to the 
tank. After specific recirculation time, the content of the tank will be discharged through a discharge point.  
The schematic drawing of a Venturi tube is shown in Figure 1. The main structural parameters are the pipe 
diameter (D), the throat diameter (d), the convergent or inlet angle (α), the throat length (Lth), the diffuser 
or outlet angle (β). 
 
 
Figure 1. Schematic diagram of the Venturi 
The effects of the structural parameters of the Venturi tube, pressure drop and mass flow rate have already 
been widely investigated. Therefore, when designing the geometry of Venturi, geometric parameters 
recommended in the literature have been taken into account. Table 1 summarizes some Venturi 
designations used in the experimental and numerical computations. The literature deals with small Venturi 
pipes (D=12–60 mm), but our available pipe diameter is 97 mm. Li et al. [11] found two key geometric 
parameters based on their numerical simulations: the outlet angle, as it strongly affects the pressure profile; 
and the diameter ratio, as it affects the power consumption. The initial power decreases with the reduction 
of the diameter ratio, so a small diameter ratio should be chosen. 






Simpson and Ranade [10] investigated the influence of two geometric parameters such as the length of 
Venturi throat and diffuser angle on the inception and extent of cavitation. They suggested an optimum 
configuration, which offers a minimum power input with a low diffuser angle (β=7.5°) and a low ratio of 
throat length to diameter (Lth/d=1).  
Based on literature recommendations, the following parameters are selected: for the Venturi tube diameter 
(D= 97mm) the diameter ratio is d/D=0.18, the convergent angle is α=22.5°, the length of the throat is 
equal to the diameter of the throat (Lth=d) and the outlet angle is β=7°. The walls of the converging and 
diverging section are straight. An additional length of 250 mm (L1) before inlet and L2=400 mm after outlet 
is added in the CFD model to obtain a fully developed flow and to avoid any entrance or exit effects. 
Table 1 Presents various structural parameters of the Venturi model with other studies 
Authors Method D [mm] d [mm] d/D Lth [mm] α [°] β [°] 
Abdulaziz [12] EM 20 3.6 0.18 9 6.2 6.2 
Brinkhorst et al. [13] CFD 25.5 11.2 0.439 11.2 10.5 3.5 
Bertoldi et al. [14] EM 16 4 0.25 3 20 7 
Dastane et al. [15] CFD 20 2 0.1 0 22.61 6.4 
Li et al. [11] CFD 9 2-4.5 0.167-0.5 5; 10; 20 5-45 5-90 
Simpson & Ranade [10] CFD 12 2 0.167 0; 2; 4; 6 22.5 7.5-12.5 
Wang [16] EM 50 16 0.32 16 22.5 5 
(CFD – Computational Fluid Dynamics, EM – experimental measurement) 
2.2. Numerical solution 
In this study two-dimensional, unsteady flow has been carried out using Ansys Fluent commercial software 
based on the Finite Volume Method (FVM). The FVM is a numerical technique that transforms the partial 
differential equations representing conservation laws over differential volumes into discrete algebraic 
equations over finite volumes (or elements or cells). Most researchers [10, 11, 15] recommend the k-ω SST 
model for modelling cavitation flow, therefore this turbulence model was used. Pressure velocity coupling 
was solved using SIMPLE algorithm, with the PRESTO! discretization scheme applied for pressure. The 
First Order Discretization scheme was used for the momentum, turbulent quantities and vapour transport. 
The numerical simulations were carried out considering a homogeneous mixture of liquid water and water 
vapour. A mixture model was used to model the cavitation flow, where the liquid is assumed to be 
incompressible and the slip between the two phases is neglected. The fluid properties are constant. 
The flow boundary conditions were defined in terms of inlet pressure and outlet pressure. The inlet 
pressure values were varied from 1.05 bar to 5 bar, while the outlet was maintained at atmospheric 
pressure. The walls of the Venturi were considered to have a no-slip condition.  
2.3. Mesh independence study 
In addition to the implementation of boundary conditions and the quality of the numerical solutions, the 
grid resolution in the domain is important for the reliability of the numerical results. The solution of the 
problem should be tested on different grid resolutions and by means of this process, the optimum grid 
should be determined for the calculations. The computations were performed for four different mesh size 
with 68k, 97k, 141k, 185k elements. The grid test was performed under the same boundary conditions, 
where no cavitation flow has yet occurred. Comparison of pressure distribution at the centre of the Venturi 
and velocity profile at the throat are shown in Fig. 2. It was found that the solution was mesh independent 
beyond 141k elements, and hence this mesh was used for all further simulations. 






3. RESULTS AND DISCUSSION 
In the present study, computations for a Venturi flow were carried out at different pressure ratio 
(Pr=pin/pout, where pout is fix value). In the Venturi the flow oscillated initially and stabilized after some 
time. The simulation was considered to be completed when the inlet, as well as outlet flows were stabilized 
and no fluctuations in the flow rate were observed with respect to the flow time. The flow was usually 






Figure 2. a) Comparison of pressure distribution at centre of the Venturi and b) velocity profile at the throat for different grids 
The number of cavity forming in the cavitational reactor and the cavitational zone intensity is largely 
dependent on operating condition pressure gauge at the inlet and the cavitation number associated with the 











where pd is the downstream pressure, pv is the vapour pressure, vth is the velocity in the throat, and ρ is the 












where pu is the upstream pressure. 
Fig. 3a shows the loss coefficient with the cavitation number. In the no cavitation section the loss 
coefficient is a constant value for each geometry, because the pressure loss is proportional to the square 
power of throat velocity in this region. Once the cavitation inception is reached, the extra loss coefficient 
induced by cavitation starts to rise linearly as σ further decreases. As seen in the figure, it contains a global 
description of cavitation behaviour with a clearer indication of inception where Lc curve suddenly change. 
































Distributions of cavitation volume fraction are shown in Fig.4 for different pressure ratio. The cavity length 
rises with the increase of the pressure rate. It can be seen, that the maximum cavitation volume fraction 
arises at the tube wall and distribution of cavitation volume fraction is not regular. Abdulaziz's 
experimental studies [12] had similar results to me. He found that the cavitation inception starts at the 
lower edge of the throat and the asymmetrical distribution of vapour about the horizontal centreline was 















Figure 4. Phase distribution for different pressure ratio 
4. CONCLUSIONS 
In the present study, a hydrodynamic reactor, a Venturi tube had designed, based on literature 
recommendations and it was tested with numerical simulation. The cavitation phenomenon was 
investigated by flowing through the Venturi and a two-dimensional numerical simulation was performed 
by using the commercial code of Ansys Fluent. A mixture model based on a water-vapour-phase mixture 
was used. The cavitation region was analysed for different inlet pressure values. Calculations show that the 
cavitation zone is asymmetric, which may be due to the three-dimensional turbulent flow, therefore a 3D 
model is needed for further calculations. As a next step, the effect of the outlet angle decreasing is 
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MEASUREMENT OF TURBULENCE PROPERTIES 
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The aim of the research is to investigate anisotropic turbulence intensities, id est to investigate the 
distribution of Reynolds stresses and energy spectra in a square cross-section channel, downstream of a 
semi-active jet turbulence grid generating anisotropic turbulent airflow. In addition to the semi-active jet 
turbulence grid, another type of turbulence grid was developed and experimentally investigated. This grid 
contains vertical, flexible strips of aluminum (in this case, there are no perpendicular (horizontal) grid 
elements), which vibrate at a frequency depending on the velocity of the main airflow. Besides the 
investigation of the velocity- and turbulence intensity distributions, another main objective of the research 
is to measure the von Kármán energy spectrum when the turbulence cannot be considered isotropic. This 
aspiration of ours is justified by the knowledge gap present in the literature in this specific field. Monin has 
carried out a theoretical study to extend and generalize the von Kármán – Howarth isotropic principal 
stress equation to the anisotropic regime. The proposed new experimental work aims to provide a solid 
experimental background for verifying and validating the physical correctness of the Monin equation, 
which may result in a new theoretical understanding and perception of the major issues and the nature of 
anisotropic turbulence. Since the anisotropic energy spectra are expected to exhibit different characteristics 
from the isotropic Kolmogorov spectra, these new experimental results may contribute to the development 
of new anisotropic and engineering turbulence models that can be used in industrial applications. 
Keywords: turbulence, measurement, Reynolds, boundary-layer 
1. INTRODUCTION 
There are different types of turbulence grids (active, passive, semi-active, etc.) facilitated in laboratory 
wind tunnels to generate appropriate turbulence. These grids are usually placed upstream of the 
measurement section of the wind tunnel to produce the appropriate flow parameters. Investigations can 
occur where the base airflow is already turbulent, in which cases turbulence grids can be used to improve 
turbulent properties, such as the turbulent kinetic energy. A passive turbulence grid is a non-moving grid 
placed in a wind tunnel. In a general dynamic sense, however, they can also be considered active grids [1]: 
e.g. the layers within the boundary layer possess uncertain motions. In the study of isotropic turbulence, the 
first (probably [2]), which began several decades earlier, occurred in a passive form of a turbulence 
generating grid. The role of contraction in the isotropy of passive grid-induced turbulence was investigated 
by Comte-Bellot & Corrsin [3]. The publication of Comte-Bellot is probably the most important one on 
grid experiments [4]. Flow measurements in grid-generated turbulence are the most important experiments 
in the theory of turbulence that provide appropriate boundary conditions and proper data to validate 
turbulence models. The Reynolds number of the grid (or Taylor Reynolds number) depends on the 
dimensions of the passive grid and largely on the generated turbulence [5]. It is important to mention that 
experiments with active grids that facilitate moving borders ([6] vibrating grids), or grids capable of 
increasing the average momentum of the flow have become more prominent in the last few decades [7]. 
Additionally, turbulence grids called "jet grids", which change the average flow rates through secondary 
jets, have promising potential among active grids. Jet grids generate high intensity turbulence, and at the 
same time they can maintain an appropriate level of homogeneity. This results in higher Reynolds numbers 
and thus makes the broadening of existing experiments feasible [8]. The motivation of the presented work 
was to achieve an almost homogeneous flow with a medium mean velocity (about 3 m / s) and a relatively 










), which is typical among meteorological results. However, 
such a result has been produced using a passive grid combined with a fluctuating wind tunnel fan speed [9]. 
Recently, the most common active grids are equipped with rotating blades introduced primarily by Makita 
and Miyamoto [10]. Subsequently, a more detailed study described the performance of the active grid and 
presented some characteristics of induced homogeneous quasi-isotropic turbulence (Makita (1991)). The 
properties of turbulence decomposing behind the active lattice (Makita [11]) were compared with the 
results of the high-vortex simulations by Kang et al. 2003 [8], and their results suggested that an update of 
Comte-Bellot & Corrsin, 1971 [4] is required. Larssen and Devenport constructed this type of grid, which 
is probably the largest grid developed so far that combines different stages of the development of 
turbulence grids [12]. 
2. TURBULENCE PROPERTIES 
Turbulence is certainly not an easy phenomenon to define. It is ubiquitous and is experienced in our 
everyday lives. Some prime examples of turbulent motions are the evolution of the flow regimes around 
vehicles, buildings, airplanes etc. Processes insight internal combustion engines, piston engines, gas 
turbines are also highly turbulent. Some examples of visualized turbulent flows can be seen in Fig. 1. The 
chaotic and often unpredictable nature of turbulence makes it a highly complex field of research. Many 
statistical and empirical models have seen the light in the course of centuries; nevertheless, a full 
understanding of the phenomena is yet to exist. Issues related to fluid flow appear in most fields of 
engineering practice. Many, if not most, flows of engineering are turbulent, hence the turbulent flow 
regime is not just a theoretical interest but a practical problem source. 
 
Figure 1. Turbulence in everyday life 
Turbulent flows possess different properties. They can have seemingly irregular velocity and pressure 
fluctuations in all three dimensions of the space, regardless of the original flow being two-dimensional. 
The time history of the velocity at a certain point can be rather unpredictable and random. The 
irregularities often obtain a certain form. These structures, called eddies, can be the form of a vortex, a 
mushroom, a wave etc. Turbulence is normally self-sustaining, once initiated, it continues without 
diminishing. In addition, turbulence mixes fluids, thus it has a strong diffusive effect. Most researches 
describe turbulence as the motion state of the flow. 
The rate of turbulence depends on the relation of inertia force and viscous force, which is described by the 
Reynolds number. If inertia forces are below viscous forces, we are talking about laminar flow. When 
inertia forces are higher, the flow becomes turbulent. For laminar flows a low Reynolds-number, for 
turbulent flows a high Reynolds-number is associated. 
  






By definition, the Reynolds number can be written as: 
𝑅𝑒 =
𝜌 ∙ 𝑣 ∙ 𝐿
𝜇
 
Where 𝜌, 𝑣, 𝐿, 𝜇 stand for fluid density, characteristic velocity, a characteristic length scale and dynamic 
viscosity respectively. 
The main properties of turbulent flows are: 
I. Irregularities. The effects of turbulence make the flow seemingly irregular and even random. A 
complete description of the flow using deterministic approach is extremely complicated, therefore they 
are usually described statistically. Turbulent flows are always chaotic, but not every chaotic flow can 
be called turbulent. 
II. Diffusivity. The diffusivity of the turbulence results in enhanced mixing and increased impulse-, 
heat- and mass-transfer rates. 
III. High Reynolds numbers. Turbulent flows almost always occur at high Reynolds numbers. 
IV. Three-dimensional. Turbulent flows rotate and are three-dimensional. There are non-zero vortexes 
and a high degree of volatility is typical of them. Mechanisms such as stretching three-dimensional 
vortexes play a key role in turbulence. 
V. Dispersion. Turbulent flows are always dissipative. Kinetic energy is converted to heat due to 
viscous shear stresses. Turbulent energy dissipates quickly with lack of an energy source. 
VI. Continuum. Turbulence is a continuity phenomenon that is governed by the equations of fluid 
dynamics. 
3. ANISOTROPIC TURBULENCE 
Anisotropic turbulence raises a knowledge gap when it comes to reliable measurement data. John Laufer 
[13, 14] put a circular cross-channel under investigation. The working medium in case of his investigations 
was air, and he measured the awakening Reynolds stresses near the wall, but the range of Reynolds-
numbers he used is too tight to draw reliable statistical data from for developing turbulence models. He 
used Hot Wire Anemometry (HWA) to execute the flow measurements at Re = 50 000 and at Re = 
500 000. 
Nikuradse [15] investigated the flow evolution in a circular cross section pipe with different relative 
roughness walls. The working medium in his investigations was water, and observations were made on the 
loss of head, velocity distribution, discharge quantity and water temperature. Nikuradse, however, did not 
measure the Reynolds-stresses; therefore, his results can solely be used to compare diff erent velocity 
profiles. 
The question might arise: why would having a broader knowledge with more results be important? Since 
then, diff erent investigations – involving Laser Doppler Velocimetry, Laser Doppler Anemometry etc. – 
were executed, however the range of Reynolds-numbers is rather tight.  
Therefore, it would be expedient for us to measure the velocities and the velocity fluctuations at as many 
Reynolds numbers with varying wall roughness as possible. First, the Reynolds numbers at which Laufer 
did his investigations is going to be in focus, so to check how much his results correlate to ours. Then the 
Reynolds-numbers that were observed by Nikuradse in a circular channel will be investigated, but instead 
in a rectangular cross channel. Quantities necessary to determine the Reynolds stress tensor and the near-
wall energy spectrum will be measured and recorded in every case; namely the average velocities and 
velocity fluctuations in 3D. 




′  and determine 𝑢1 𝑎𝑣𝑒𝑟𝑎𝑔𝑒
′ , 𝑢2 𝑎𝑣𝑒𝑟𝑎𝑔𝑒
′ , and 𝑢3 𝑎𝑣𝑒𝑟𝑎𝑔𝑒
′ . At the wall, these averages will be diff erent. 
Near the wall, there is a peak value perceived by many investigations. It is not yet clear whether this peak 
really exists, or is an indefinite measurement error. Many simulations – including Large Eddy Simulations, 
Direct Numerical Simulations – were executed to estimate the behaviour of fluids near walls, however, 






such results are not applicable to be used as references. The knowledge gap in the field occurs when an 
anisotropic turbulence model is based on the results of other simulations – which, although accurate, are 
not equivalent to reliable measured data. 
If a turbulence model can estimate the velocity profile well, and, say, the pressure profile decently, but 
when it comes to the stresses, the model fails, then the model itself is not reliable. The turbulent kinetic 
energy and the dissipation will be incorrect, and turbulence is basically dissipation of energy. If a 
turbulence model can not estimate the dissipation properly, then that model is flawed. However, how do we 
know – without a reference –, that our model is good? The answer is we do not know. Hence, a reference is 
needed, and crating this reference base is one of the main purposes of this work. 
Most engineers payed attention to the velocity and pressure profiles, since they have practical importance. 
However, knowing the velocity field and the pressure distribution is not enough to develop anisotropic 
turbulence models. They do not provide enough information to draw any long-term conclusions about the 
statistical nature of the flow. 
4. MATERIALS AND METHODS 
The investigations of the evolving velocity profile took place downstream of the turbulence generator (strip 
grid) in a pressurized low velocity open ended wind tunnel. The cross section of the measurement zone is a 
400x400 mm square. Air velocity can be altered by changing the speed of the axial fan. Maximal velocity 
with the current setup is around 22 m/s. The measurement is located at the end of the wind tunnel as seen 
in Fig. 2. The turbulent kinetic energy of the flow downstream of the strip grid can be changed by relaxing 
or tightening the tensioners, and by changing the angle of the strips using the strip guides. The strips are 
made of aluminium and they measure 0.5 mm in thickness and 5 mm in width. 
 
Figure 2. Open type wind tunnel 
 






Using two dimensional CTA (Constant Temperature Anemometry) probes, two velocity components can 
be recorded with high frequency sampling at the same time. Since the results will be normalized down the 
line, by simply turning the probe by 90 degrees, the remaining velocity component can be measured. 
Although not at the same time, the velocity components should theoretically give a reliable representation 
of the velocity field; and since u will be measured in both cases, v and w can be normalized during data 
processing. 
The main importance of the investigation is to measure the velocity fluctuations close to the wall in case of 
different Reynolds numbers and flows with different turbulence intensities. The sampling frequency was 
chosen to be 80 kHz for the first measurements, though this number will most likely be raised in the future. 
The probe has a built-in temperature measuring node which records the ambient temperature in each step. 
The probe makes velocity profiling possible on a wide range of velocity scales, from relatively low to high 
velocities (from 0.2 m/s to around 0.8 Mach). 
 
 
Figure 3. DANTEC CTA (Constant Temperature Anemometer) 
4.1. Velocimetry using LASERs 
Two dimensional LDV (Laser Doppler Velocimetry) system is available at our disposal to measure two 
velocity components in a single point. The farthest measurement point from the optics can reach up to 750 
mm. The velocity range of the LDV system is [0.3; 25] m/s with a maximal laser performance of 3 W. The 
obtained data is recorded and analysed by Flowsizer LDV software. 







Figure 4. TSI LDA (Laser Doppler Anemometer) 
 
4.2. Two-dimensional PIV systems 
Through two-dimensional PIV investigations, the velocity profile of a single plane can be obtained using 
high frequency, high resolution cameras. The size of the measurement plane can reach up to 300x300 mm 
with a velocity range of [0.3; 25] m/s. One camera is sufficient to record the two-dimensional evolution of 
the velocity profile in a plane assuming the flow itself is two-dimensional. In our case, we can facilitate a 
MP PIV camera with a 135 mJ impulse laser. To record and analyse the data, Insight 4G PIV software is 
used. 
 
Figure 5. TSI PIV (Particle Image Velocimetry) 







Preliminary tests were executed with maximum fan speed and a sampling frequency of 4 kHz and a sample 
number of 80 000 per point. The CTA probe was moved from the bottom side of the wind tunnel (3 mm) 
up to the axis of symmetry with 0.5 mm steps.  
The investigation was therefore executed along a vertical line, which was 500 mm downstream of the strip 
turbulence grid (around 20M with M being the spacing between individual strips).  
Fig. 3 shows the energy dissipation of the flow. The mean velocity of the flow is 4.735 m/s. With the 




/s, the Reynolds 
number in this case is 141 924. 
 
 
Figure 6. Energy dissipation as a function of distance from the wall 
 
The results show us that the strip turbulence grid generates a rather inhomogeneous turbulence field; the 
fluctuations (seen as vertical oscillations on the diagrams) occur as we get farther from the wall. This is 
because the turbulence grid is fixed at the top and at the bottom, hence the amplitude of the vibrations 
increase as we get farther away from the wall, and theoretically peaks in the middle of the channel. 







Figure 7. Mean velocity “u” as a function of distance from the wall 
6. CONCLUSIONS 
After a comprehensive literature overview a lack of experimental data has been discovered in the form of 
Reynolds stresses near planar surfaces. A novel type of semi-active jet turbulence grid is already developed 
[16], as well as passive strip grid which are currently facilitating during our investigations. Our intention is 
to continue the development of turbulence grids in parallel with our investigations regarding flow 
evolutions near planar surfaces to enhance our range of scope. Our observations expand to airflows of 
different Reynolds numbers, flow velocities, relative surface roughness and varying turbulence intensities. 
It is important to determine as many flow parameters of turbulent flows as possible (such as the velocity 
fluctuations, length scales, Reynolds stresses, von Kármán energy spectra, etc.) in order to create an 
extensive database. The preliminary tests show us that the system works, and we can use it to measure the 
turbulent properties of the airflow. However, in the future, we plan to improve the system to make it 
suitable to investigate the velocity profiles closer to the wall (between ]0; 3] mm), and to achieve a more 
homogeneous turbulence distribution. 
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As organic manure is becoming less available, using different materials as soil fertilizers and the 
application of the inorganic fertilizers raises many questions. Therefore, it is increasingly important to use 
compost and biogas digestate to improve soil quality. The activity of the microbial communities ensures 
the fertility of the soil. One of the most important enzymes is dehydrogenase. This enzyme group catalyses 
the hydrogen transfer in the process of biological oxidation. Our aim was to examine the effect of biogas 
digestate on dehydrogenase enzyme activity (DHA) in 3 different types of soil. Hungarian standard method 
was used to evaluate DHA. The applied biogas digestate was obtained from the Kaposvár Sugar Factory of 
Hungarian Sugar Ltd. The dose is equal to 16,7 m3ha-1 and 533 kg organic matterha-1. The treatment was 
performed in three different groups of soil: brown forest soil, calcereous chernozem and carbonate meadow 
soil. The results showed an increase in DHA in all types of soil. DHA values were the highest in case of the 
carbonate meadow soil, specifically 0.337 mg formazan/1 g soil/24 h immediately after the treatment and 
0.410 after 28 days. A critical aspect to consider during the construction of biogas plants is the soil 
protection agency’s ban on using soil fertilizers during the winter months. Analysis carried out according 
to the protocol of sewage sludge examination revealed that biofermentate produced during biogas 
generation does not contain any environmentally harmful components. After the elaboration of a soil 
protection plan, the recommended way to apply biogas digestate to arable land is via injectors. 
Keywords: biogas, digestate, fertilizer, soil, activity,  
1. INTRODUCTION 
Arable land can be defined as a complex system of materials and energy in terms of agriculture and 
forestry. Its physical properties and limitations depend on the soil, the climate and hydrological cycles. The 
value and quality of arable land is characterized by achievable yield or yields achieved in the past. 
Extremes in climate (stress resulting from heat and excessive precipitation) highlight the errors of previous 
soil cultivating practices that included procedures detrimental to soil health. Soil cultivation faces 
important tasks, involving the realisation of the effects and symptoms of global climate change, reduction 
of climate risk in terms of summer soil cultivation and developing and applying techniques to prevent 
draught, water loss and stress from heat and precipitation. [1] The VAHAVA report, that ended the 
Hungarian National Academy of Sciences’ and the Hungarian Ministry of Environmental Protection and 
Water’s joint project titled Effects of global climate change in Hungary and the appropriate answers: 
Change-Effect-Answer, brought about an important step forward in relation to soil protection. Quality and 
climate sensitivity of soil were classified as essential factors influencing the future chance of crop growth 
in agriculture. [2] 
Fertilizer demand is 0, if the yield is proportionate to the soil’s momentary nutrient providing capability,  
if we want to maintain or increase the yield, using fertilizer on soil is needed. [2] 







Figure 1.: Organic matter concentration in soil in Hungary [1] 
In Hungary, the importance of livestock, including bovine production has been decreasing for the last 50 
years. This concluded in the reduction of the amount of organic manure as well. In the last 15 years, 
livestock in Hungary reduced to its half and one third. Between the years 1983 and 1997 swine population 
decreased from 11 million to less than 5 million and bovine population lowered from 2 million to 870 
thousand. As a result, the amount of organic manure reduced from 17 million of tons to less than 4 million 
of tons, providing enough fertilizer for only 1,5% of the total arable land. 
By-products originating from biogas plants are a rather new way of fertilizing soil. It was established in [3] 
that their composition varies according to the raw material fed to the biogas process. Although digestates 
from different types of biogas plants differed in their performance as soil fertilizer, in conclusion they all 
increased soil microbial activity. [3] 
Liquid digestate from biogas plants can serve as a more valuable organic fertilizer than manure or compost, 
since it has a higher amount of easily absorbable nitrogen, phosphorus, potassium and trace elements.  
Furthermore, another benefit of using digestate instead of artificial fertilizers is the fact that it has a lower 
mobile nitrate to ammoniacal nitrogen ratio, therefore it mitigates the nitrate pollution of surface and 
subsurface water. The water content of the digestate also has a critical significance, especially in dry years 
like 2012, when draught could have caused serious damage to farmers had it not been for irrigation. 
Another serious advantage is cost effectiveness. Using digestate generates less cost than using artificial 
fertilizers and it also lowers irrigation costs.  
Liquid digestate from biogas plants can prove to be a beneficial nutrient for agricultural lands, providing an 
accessible supply of soil nutrients for plants. Besides its significant water content, it also possesses a 
remarkable amount of macronutrients and micronutrients. 
On the other hand, it also contains materials that has not been digested entirely, for example organic matter 
and remains of bacteria and different enzymes. These by-products increase the growth of microbes and 
plants and boost the microbial activity of soil, thus enhancing the amount of absorbable nutrients in the 
soil. Therefore, it has a positive effect on crop growth. [3] 






Although other countries, for example Sweden, elaborated a separate certification system for biogas 
residues [3], in Hungary the application of digestate to arable lands faces serious legal barriers to this day. 
[4] The main complication is the fact that digestate does not constitute an independent legal category, 
therefore it is treated as sewage sludge in official procedures. [4] 
However, as opposed to sewage sludge, digestate does not contain harmful industrial waste. Besides, the 
exact composition of materials entering the biogas plant is known. 
Currently there are several regulations regarding soil fertilizers and yield enhancers, nevertheless liquid 
digestate from biogas plants does not play a role in any of them.  
 
Ecological demands of biogas production 
Its advantages compared to fossil fuels are that no excess CO2 enters the atmosphere, and that during 
fermentation emission of CH4, a gas with high greenhouse gas potential, is prohibited. 
The anaerobic digestion of organic manure provides an end-product characterized by reduced smell 
intensity and high fertilization potential thanks to its optimal C:N ratio and the mineralization of nitrogen 
and phosphorus. This can lead to decreased artificial fertilizer usage.  
Most pathogen microorganisms found in manure decease during fermentation and preparation, diminishing 
the amount of substances harmful to human health applied to arable land. 
Regulation 90/2008. (VII.18.) of the Ministry of Agriculture imposes the creation of a soil protection plan 
to permit the use of manure and waste on arable lands. [4] Organic manure is excepted from this rule. 
A simplified soil protection plan is necessary in case of the use of sewage sludge compost or non-
hazardous agricultural waste. Liquid digestate from biogas plant classifies as, non-agricultural, non-
hazardous waste. This means that in order to get a permission to use it on arable land, the elaboration of a 
detailed and more expensive soil protection plan is needed. In order to fully map the potential of digestate 
in agriculture, further experiments are required, involving different types of soils and biogas plants. 
Use of liquid digestate from biogas plants is economical and the significance of this can grow in the future. 
Therefore, the construction and development of biogas plants are beneficial, because they do not only 
produce biogas, but also provide a valuable nutrient supply for crop growth.  
During the anaerobic fermentation of biogas production, the original material’s composition undergoes 
significant changes (for example in ammonium content, pH, C:N ratio) until it reaches its final state. This 
possesses a great significance in its later use on arable land regarding the macronutrients and 
micronutrients available for plants [3]. 
Digestate can be applied directly as fertilizer or it can be divided into liquid and solid phase before its 
utilization. The solid phase can be composted, dried or incinerated. The liquid phase can be diluted to later 
use as a nutrient solution, or it can be concentrated by applying filter or membrane technologies. 
After fermentation, the end product has a higher ammoniacal nitrogen to total nitrogen ratio and a higher 
pH value than the original material. However, it experiences a decrease in total organic matter, total and 
organic carbon, biological oxygen demand (BOD), C:N ratio and viscosity. The fermented material’s 
ammoniacal nitrogen has a direct link to the original matter’s total nitrogen content. Easily degradable 
materials, like wheat or chicken and swine manure have a high ammoniacal nitrogen to total nitrogen ratio 
and low C:N ratio. Nevertheless, bovine manure or materials low in nitrogen (for example maize silage) 
have a low ammoniacal nitrogen to total nitrogen ratio.  
 
In the biogas plant of Nyírbátor, agricultural plant wastes, animal by-products (primarily manure) and the 
waste of a poultry slaughterhouse are utilized. 
Pot experiments, small parcel experiments and industrial experiments were carried out to determine the 
green mass and yield enhancing capacity of digestate. Its effect on soil, specifically biological activity and 
nutrient content of soil were also assessed.  
As a control group, untreated control samples and samples irrigated with water instead of digestate were 
used. Moreover, the effects of several different types of nutrient replacing methods were compared, 
including using digestate, bentonite, sewage sludge compost and Phylazonit MC bacterial manure. 






Makádi et al. [5] stated that as a result of applying digestate to agricultural parcels and especially due to the 
water contribution aspect of digestate treatment, maize (Zea mays var. saccharata) grew bigger, more 
robust and healthier ears. Administering digestate lead to an increase in the mass of corn ears. Furthermore, 
plants treated with digestate suffered less damage from environmental and climatic fluctuations than plants 
in control pot experiments. 
Digestate treatment on sandy soil resulted in a significant change of yield. However, it had no statistically 
significant effect on pasture soil characterized by greater nutrient content and better water retention ability. 
A critical aspect to consider during the construction of biogas plants is the soil protection agency’s ban on 
using yield enhancing materials during winter months. Hence biogas plants must have enough storage 
capacity to be able to store 4 months’ worth of digestate. [6] 
 
2. MATERIALS AND METHODS 
For our in vitro model experiment, we chose 3 types of soil, all three characteristic to the Southern part of 
Transdanubia. These significantly differ in their components and chemical parameters, like pH, CaCO3 
and humus content and KA. 
The most frequent physical and chemical parameters of the soil types are shown in Table 1. 
The activity of the microbial communities ensure the fertility of the soil. One of the most important 
enzyme is dehydrogenase. This enzyme group catalyses the hydrogen transfer in the metabolism of 
biological oxidation [7]. For the determination of the dehydrogenase enzyme activity (DHA) Hungarian 
standard method was used [8]. The DHAs were measured 0, 7, 14 and 28 days following treatment in 
samples and controls. 
The applied biogas digestate derived from Kaposvár Sugar Factory of Hungarian Sugar Ltd. The dose is 




 and 533 kg organic matter ha
-1




Table 1. Main soil physical and chemical properties of the characteristic types of soil from Hungary 


































































5.65 0.00 0.88 28 15.30 25.5 59.30 
Pseudomycelliar 
chernozem 
8.29 16.0 2.29 37 22.2 63.1 14.7 











Table 2. Main chemical parameters of the biogas digestate 
 
OTS % 3.2 















3. RESULTS AND DISCUSSION 
After the measurement, results were calculated to mg formazan /1 g soil /24 hours. (Table 3.)  
 
Table 3. DHA data in the different types of soil after treatment with biogas digestate on the 0, 7, 14 and 
28 days. 
 Brown forest soil Calcereous chernozem Meadow soil 
control treated treated 
(in % of 
control) 
control treated treated 
(in % of 
control) 
control treated treated 
(in % of 
control) 
0.day 0.0263 0.0379 144% 0.0991 0.1115 113% 0.2856 0.3374 118% 
7. day 0.0306 0.0413 135% 0.1013 0.1365 135% 0.3583 0.3972 111% 
14. day 0.0324 0.051 157% 0.1206 0.1532 127% 0.3396 0.3694 109% 
28. day 0.0404 0.0584 145% 0.1383 0.1789 129% 0.3747 0.4102 109% 
 
The three different types of soil showed a significant difference in biological activity, even in the beginning 
of the experiment. Compared to brown forest soil, calcerous chernozem and meadow soil had a 4- and 10-
times higher dehydrogenase activity, respectively. 
Brown forest soil is characterized by low humus content (0.88%) and a significant sand content (59.30%). 
This type of soil showed a maximum in DHA on the 14
th
 day following digestate treatment and reached 
157% of the enzyme activity of the untreated control group. 
Pseudomycelliar chernozem has better humus content (2.29%) and a significantly lower sand content 
(14.7%). In this case, biogas digestate only increased DHA by 13% immediately after treatment and even 
on the 28
th
 day after treatment, enyzme activity was only 130% of the control group’s value. 
The meadow soil contains a remarkable amount of humus (3.56%), paired with 2.5% sand content and 
61.7% mud. The digestate treatment increased biological activity by 18%, however this value decreased 
during the 28-day experiment, ending with a value equivalent to 110% of the control group’s DHA. 
Considering the measured results as a percentage of the control group’s DHA activity, brown forest soil 
experienced the highest increase during the whole experiment. Maximal DHA activities in function of the 
control group were measured in the first 14 days in all three cases (14
th
 day in case of brown forest soil, 7
th
 
day in case of calcereous chernozem and immediately after treatment in case of meadow soil). These 
results can help in establishing the recommended frequency of applying biogas digestate for different kinds 
of soil. 
Using injectors for the distribution of biogas digestate facilitates the precise control of application 
frequency and minimizes ammonia volatilisation. It was established in [9] that the most suitable methods 
for digestate application combine close contact with top-soil and minimal surface area exposed to air. 
 







Our measurements revealed that the highest increase in biological activity by biogas digestate treatment 
can be achieved in soil characterized by low humus content and high sand content. 
Since the examined biogas plant uses sugar beet press pulp as its substrate, and this raw material does not 
contain any environmentally harmful components, the application of the plant’s biogas digestate as a soil 
fertilizer can be recommended, especially in case of brown forest soil. If the digestate’s solid and liquid 
phase is separated, the solid phase can be applied to the land by manure spreading spray tables. The liquid 
component of the digestate can be administered by injectors.  
Using liquid biogas digestate also implies applying extra moisture to the soil, contributing to the 
advantages of using biogas digestate as soil fertilizer.  
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The aim of this study is the comparative finite element analysis of the tooth roots of one tooth on worm-
wheels having different geometries. Designing of various cylindrical worm gear drives is essential for the 
study where all of the input parameters are the same, only the number of thread on the worm is modified. 
Due to this modification the shape of the worm-wheels is different that is why dissimilar mechanical 
parameters will be received by the same load force. The creation of the CAD models is also important for 
the analysis.    
Keywords: number of thread, worm-wheel, normal deformation, normal stress 
1. INTRODUCTION  
The Archimedean cylindrical worm gear drives are widely used in different constructions where the bypass 
axes position and the high transmission ratio is required [3, 4, 5, 7, 8, 9]. The worm could be manufactured 
by turning and grinding technologies. The heat treatment before the grinding process is important because 
of the strong load capacity and surface roughness.  
The worm-wheel’s teeth are generated by direct motion mapping method [3, 5]. It means a special worm-
shape cutting tool is needed, which is called hob, which has the same geometry than the worm has. It has 
grooves around the perimeter because of the chip removal. The tooth thickness and the addendum is higher 
than the worm has (Figure 1) [3, 10, 11]. 
 
a) b) 
Figure 1. Hob geometry (a) and worm – worm-wheel connection (b) [1, 2] 
Six worm gear drives are designed having almost the same input parameters (z2=30, max=5 mm, αn=20°, 
r=1.5 mm) [10]. The difference is only the number of threads (z1=1, 2, …, 6) on the worm surface. The 
calculated parameters could be seen on [10] publication. The geometric calculations were done by GearTeq 
software. Knowing of the references’ recommendations [3, 5, 7, 8, 9] the user can set the input designing 
parameters and have the software calculate all of the geometric parameters. After that the CAD (Computer 
Aided Design) models could be done by SolidWorks software (Figure 2). Finally, TCA (Tooth Contact 
Analysis) or FEM (Finite Element Method) [6] analysis could be done for the analysis of the connection 
zone between the elements or the behaviour of the elements by different loads. As a result, the mechanical 
parameters are received for the evaluations. Graphs could be done for the comparative TCA or FEM 
analysis so that the appropriate gear geometry could be selected for the given engineering application.      






   
                             a) z1=1                                                              b) z1=2                                                             c) z1=3 
   
                             d) z1=4                                                              e) z1=5                                                             f) z1=6 
Figure 2. Generation of the worm-wheel surface for different number of threads on the worm 
2. MATERIALS AND METHODS 
One tooth was loaded by 100 N for each different worm-wheels. The mechanical parameters on tooth roots 
(left and right) of one tooth are analysed. The force’s line of action and the symmetric plane of the worm-
wheel is closed 45°. The top edges of the worm-wheels were loaded (Figure 3.a). 
 
 a)   b) 
 Figure 3. Load adoption (a) and meshing (b)  
The meshing was dense (element size: 0.3 mm, meshing method: tetrahedrons) on the selected tooth. 
Automatic meshing was applied on the outside areas (Figure 3.b). The number of used elements was 
794618. All of the freedom degrees of the worm-wheels were fixed. The type of the material was 
structured steel (Table 1). Coordinate systems were adopted to the tooth roots. 
 
Table 1 Material properties 




Yield stress 250 MPa 
Tensile strength 460 MPa 
Poisson factor 0,3 
Young modulus 200 GPa 
Temperature 22 °C 






2.1. Normal stress analysis 
The received normal stress results for the left tooth side could be seen on Figure 4.  
   
a) z1=1                                                                                                        b) z1=2                                            
  
c) z1=3                                                                                                        d) z1=4 
   
e) z1=5                                                                                                        f) z1=6 
Figure 4. Normal stress’ distribution on the left tooth side of the worm-wheel’s tooth 
   
a) z1=1                                                                                                        b) z1=2                                            






   
c) z1=3                                                                                                        d) z1=4 
   
e) z1=3                                                                                                        f) z1=4 
Figure 5. Normal stress’ distribution on the right tooth side of the worm-wheel’s tooth 
The received normal stress results for the right tooth side could be seen on Figure 5. 
 
 
Figure 6. The received average normal stress results on both tooth roots of the worm-wheel 
2.2. Normal deformation analysis 
The received normal deformation results for the left tooth side could be seen on Figure 7. 
 






   
a) z1=1                                                                                                        b) z1=2                                            
   
c) z1=3                                                                                                        d) z1=4                                            
     
e) z1=5                                                                                                        f) z1=6                                           
Figure 7. Normal deformation’s distribution on the left tooth side of the worm-wheel’s tooth 
The received normal deformation results for the right tooth side could be seen on Figure 8. 
 
   
a) z1=1                                                                                                        b) z1=2                                            
 






   
c) z1=3                                                                                                        d) z1=4                                            
   
d) z1=3                                                                                                        e) z1=4                                            
Figure 8. Normal deformation’s distribution on the right tooth side of the worm-wheel’s tooth 
 
 Figure 9. The received average normal deformation results on both tooth roots of the worm-wheel 
3. RESULTS AND DISCUSSION 
The fillet radiuses on the tooth roots are the same (r=1.5 mm) for every worm-wheels [10].  
Based on Figure 6 the average normal stresses on the right tooth root is higher than on the left tooth root. 
These results are continuously decreasing in the function of the enhancement of the number of threads on 






the worm. The decreasing interval is quite low between the prisms. Consequently, the lowest normal stress 
results are received in case of z1=6 number of threads.  
Based on Figure 9 the normal deformations on the right tooth root is higher than on the left tooth root. 
These results are continuously decreasing in the function of the enhancement of the number of thread on 
the worm. The decreasing interval is quite low between the prisms. Consequently, the lowest normal stress 
results are received in case of z1=6 number of threads.  
As a result, the higher the number of threads on the worm is, the lower normal stress and deformation 
results on the tooth roots of the worm-wheel’s tooth are.    
4. CONCLUSIONS 
The purpose of this study is the determination of the correlations between the mechanical parameters on 
the tooth roots of the worm-wheel’s tooth and the number of threads on the worm. Six pieces of cylindrical 
worm gear drives were designed with different number of threads on the worm. Due to this changing the 
tooth shape of the worm-wheel is also different after the generation. The geometric designing was done by 
GearTeq software considering the references’ recmmendations. Knowing of the geometric parameters the 
CAD models could be generated by SolidWorks software. After that the one tooth of the worm-wheels is 
loaded by the same load force. The stiffness and the flexibility of one tooth were analysed by Ansys FEM 
software. It means we analysed the behaviour of the tooth roots on both tooth sides. Based on the results 
graphs could be made for the determination of the consequences. We received if we increase the number of 
threads around the worm the mechanical parameters on the tooth root of the worm-wheel will be decreased.   
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ABSTRACT 
A significant representative of the third generation of raw materials is waste containing hemicellulose. 
Agriculture and the food industry generate a great deal of this type of waste, which has many potential 
opportunities for processing. Our research group investigated the pre-treatments for the enzymatic 
saccharification of the cellulose content of the wo fractions of corn cob meal. Microwave energy 
communication was performed in both acidic and alkaline media. It was found that the pH of the medium 
influences the amount of reducing sugars, but to an almost  equal extent. The yield is also significantly 
dependent on the starting material and the concentration of the suspension. 
Keywords: microwave pre-treatment, cellulose, enzymatic hydrolysis, enzymatic saccharification 
1. INTRODUCTION  
Corncob is a lignocellulosic material which is second generation feedstock to achieve energy.  In this 
study, two main substrates were used which are made from corncob; Feeds (30/100) and Grits (GM). 
Substrates are different from each other depending on their size. Feeds are the inner part of corncob that is 
softer and grits are woody part of corncob that has higher hardness. The corncob belongs to the second 
generation feedstocks because it is nonedible biomass. The second generation feedstocks have beneficial 
relationships with environment as well as the society; such as indirectly helping carbon dioxide fixation in 
the atmosphere, which is caused by greenhouse gasses, reducing air pollution, facilitating economic 
development and being renewable and sustainable. Lignocellulosic biomass is a very efficient choice to 
benefit from. Its ingredients are cellulose (35-40%), hemicellulose (20-35%), lignin (15-20%) and other 
minor components such as ash, protein, minerals etc. Despite cellulose and hemicellulose being the 
precursor of production processes, lignin is a recalcitrant part of lignocellulosic biomass. Due to the 
recalcitrance characteristic of lignin, it should be separated from beneficial parts of biomass and for this 
purpose pretreatment processes have been developed [1]. 
Primary pretreatment methods include biological pretreatment, physiochemical pretreatment (steam 
explosion), chemical pretreatment under alkaline/acidic conditions, neutral conditions (liquid hot water).   
The purpose of this study is to evaluate the effect of microwave as a pre-treatment technique for cellulose 
hydrolysis [2]. Microwave enhanced pre-treatment  is a hopeful processes on account of its high energy 
transfer and its application is easy and potential faster. Microwave irradiation can change the division 
between the main components of lignocellulosic material between the lignocellulosic ultrastructure of 
lignocellulosic material and cellulose and hemicellulose, and increase the enzymatic susceptibility to 
enzymatic hydrolysis and improve sugar recovery [3, 4].  
During the pretreatment process, complex network of cellulose and hemicellulose with lignin should be 
broken down, and it makes the enzymatic hydrolysis much easier. There are several different types of 
enzymes to cleave different bonds [5]. Cellulase, hemicellulase and ligninase are classes of enzymes, 
which have important roles in biomass degradation [6]. 








Figure 1: Deconstruction of lignocellulose by enzymes [7] 
 
The effect of pretreatment may be expressed by the enzyme kinetics way. When reducing sugar 
concentration is achieved, enzyme kinetic can be calculated by Michaelis-Menten equation (Eq.1). An 





                                           (1) 
 
V= Velocity , S=Substrate concentration, Km = The Michaelis-Menten constant [8] 
 
Km show that the affinity of the enzyme for its substrate. If the Km value is high, the affinity of the enzyme 
for its substrate is low. Otherwise, if the Km value is low, the affinity of the enzyme for its substrate is 
high. 
Generally, the Michaelis-Menten is ploted to evaluate the Km value (Fig.2) to show the velocity and 
substrate concentration. If the substrate concentration is increased, velocity increases up to a certain value. 
Km is usually calculated half of the value of Vmax. 
  







Figure 2: Diagram of reaction speed and Michaelis-Menten constant (Km) [9] 
If the Vmax is not observed the experiment, Km is measured with the Lineweaver-Burke plot (Fig.3). Slope 




Figure 3: The Lineweaver-Burke plot of an enzyme catalysed reaction [10] 
 
2.  MATERIALS AND METHODS 
2.1. Preparing Solution  
Grinded corncob was used as feedstock which has two different types; Grit (GM16) and Feed 30/100. 
Suspensions were prepared with distilled water according to desired concentration (0.5 – 5 w%) and they 
were mixed well by magnetic stirrer. Suspensions were soaked and incubated overnight at 37 °C. 
 
2.2. Pretreatment 
Chemical pre-treatment was done by using NaOH (40%) and H2SO4 (40%) as chemicals. Suspensions 
were pre-treated by professional laboratory microwave equipment with the desired microwave power 
(MWP, 250 and 500W) and irradiation time ( 90 and 180sec) and operated at 2450 MHz frequency. 







After pretreatment and before enzyme reaction, pH of suspensions were measured with pH meter and 
adjusted between 5.3 and 5.5 with using NaOH (40%) and H2SO4 (40%). Xylanase and Cellic CTec2  
(Novazyme) enzymes was added  into flask as desired dosage. 1 ml of xylanase , which is the part of 
hemicellulase, and 600 µl of Cellic CTec2 which is complex of cellulose and hemicellulase, were used as 
enzyme to degrade rigid construction of feedstock. 1 ml of suspension was transferred into eppendorf tubes 
from each flask one by one.    
2.4. Measurement 
3,5-Dinitrosalicylic (DNS) colorimetric method widely used for the determination of the presence of 
reducing sugar by the existing of aldehyde or ketone group after pre-treatment process. In the right alkaline 
conditions and heat, the method will occur, which is oxidation of specific sugar groups and reduction of 
3,5-dinitrosalicylic acid into 3-amino, 5-nitrosalicylic acid and gluconic acid will be occurred end of the 
reaction. By spectrophotometer, amount of reducing sugar can be measured at specified wavelength (512 
nm) range [11]. During four days, method was repeated as from sampling. Every day, amount of reducing 
sugar of each samples were measured. According to absorbance values, calibration curve was plotted and 
reducing sugar concentrations were calculated by calibration curve. Absorbance values were multiplied by 
slope of trend line of calibration curve and finally, reducing sugar yields (mg/g) were calculated. 
 
Figure 4: Colorful reducing sugar samples 
 
3. RESULTS AND DISCUSSION 
The aim of our research was to help the enzymatic decomposition of cellulose-containing wastes by 
different pretreatments.  
The pretreatments were chosen according to energy dissipation of microwave in acidic or alkaline media. 
For enzymatic degradation, two types of enzymes, Cellic CTec2  and xylanase, were used. As the corncob 
fractions (Feed 30/100 and GM16)  used as raw materials differed in their composition mainly due to their 
lingnine content, we present our results separately.   







Figure 5 : Comparison of different feedstock fractions with Cellic CTec2 enzyme and microwave pretreatment with 250W during 
180sec 
In Figure 5, there are two different types of feedstock fractions which are 30/100 (blue) and GM16 (red). 
30/100 samples were prepared with 0.5, 1 and 1.5% suspension concentration and GM16 samples were 
prepared with 3, 4 and 5% suspension concentrations due to previous result of the research team [12]. After 
microwave pretreatment with 250W during 180 seconds, Cellic CTec2 enzyme was used for degradation of 
lignocellulosic feedstock. According to Figure 5, 30/100 samples have higher RS yield than GM16 
samples with microwave pretreatment. It was expected that because 30/100 type is more soft (with lower 
lignin content) and has smaller particle size. Because of the smaller particle, construction of 30/100 can be 
damage easily with pretreatment and enzyme can work more efficiently. However, suspension 
concentration is also important effect on pretreatment. Low concentration sample has the highest RS yield 
because there are less particle that should be hydrolyzed. Moreover, the irradiated energy delivered to 
suspensions was more effective if suspension concentration was lower. 
 
3.1. GM16 Fraction 
In Figure 6, there are two different MW pretreatment which are 250W-180sec (blue) and 500W-90sec 
(red) was applied on GM16 samples and Cellic CTec2 enzyme was used. Appliying 250W to samples 
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Figure 6 : Comparison of different MW pretreatment on GM16 samples with Cellic CTec2 enzyme and without alkaline dosage 
As seen in Figure 6, higher power has manifested in slightly but not significantly increment of RS; 
therefore, further measurements on GM16 samples were done at this power level (500W). 
GM16 samples with different suspension concentration (3, 4 and 5%) were broke down with two different 
types of enzyme; xylanase(blue) and Cellic CTec2 (orange) (Fig.7). 
 
Figure 7 : Comparison of different types of enzyme on GM16 samples with 500W-90s MW pretreatment without alkaline dosage 
Since the Cellic CTec2 is an enzyme cocktail, it was expected that Cellic CTec2 enzyme is more efficient 
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In Figure 8, there are three different pretreatment which are 500W-90s (yellow), 500W-90s/alkaline 
(0.2ml/g)(orange) and 500W-90s/acidity (0.1ml/g)(grey). GM16 samples were prepared with 3, 4 and 5% 




Figure 8 : Comparison of the efficiency of different pretreatments on GM16 samples with 500W-90s MW pretreatment and Cellic 
enzyme 
It is seen that MW/alkaline pretreatment has a significant increment on RS yield of GM16 samples when it 
is compared with MW/acidity or only MW pretreatments. 
3.2. Feed 30/100 Fraction  
The Feed 30/100 fraction contains significantly less lignin, and therefore, according to our preliminary 
experiments (Fig.5), lower suspension concentrations  (0.5, 1.0, 1.5%) and lower MW power level (250W–
180sec) but the same dissipated energy were used (45000 J). 
Due to the lower lignin content, it is not surprising that, especially at lower suspension concentrations, the 






























Figure 9 : Comparison of the effects of different types of enzyme on Feed 30/100 samples with 250W-180s MW pretreatment 
 
Xylanase enzyme has degradation effect on mainly the hemicelluloses. However, Cellic CTec2 is a mixture 
of enzymes that has degradation activity on both hemicellulose and cellulose. If pretreatment with 
microwave irradiation under alkaline condition can degrade the complex structure of feedstock more 
hemicellulose fraction has been become available for hydrolysis by xylanase enzyme. 
In Figure 10, Feed 30/100 samples were prepared with 0.5, 1.0 and 1.5% suspension concentration were 
exposed by microwave pretreatment with 250W during 180 seconds. Alkaline (0,2 ml/g NaOH (40%)) and 
acid (0,1 ml/g H2SO4 (40%)) addition were cooperated with microwave during pretreatment. Yellow 
column indicates only microwave pretreatment, orange column indicates microwave and alkali 
pretreatment and grey column indicates microwave and acid pretreatment. 
Comparison of the different pretreatments significant difference showed only at the lowest suspension 
concentration. Here, both MW/acidic and MW/alkaline pretreatments are preferred over only MW 































Figure 10 : Comparison of different pretreatments on Feed 30/100 samples with 250W-180s MW pretreatment and Cellic enzyme 
At higher suspension concentrations, the difference is only a tendency, not significant, and this tendency is 
more pronounced at alkaline pretreatment. So, according to Figure 10, samples combined  MW&alkaline 
pretreatment produce higher RS yield than samples exposed only MW irradiation as solely pretreatment. It 
can be seen obviously that NaOH is an auxiliary effect on pretreatment. Alkalinity affects polarity of 
construction, so breaking down occurs easily. Additionally, decreasing of suspension concentration led to 
enhanced RS production. 
 
3.3. Enzyme Kinetics 
Based on Eq. 1 and Fig. 2 the most important kinetics parameters were calculated. Just for illustration see. 
Fig. 11.  The calculated data of maximum velocity (Vmax) and Michaelis-Menten coefficient (Km) are 
showed in Table 1 [8]. 
 



































Sample  Vmax  Km  
Feed 30/100  250W-





GM16 acidity Cellic 41.15 3.53 







Figure 11 : Linewiever-Burk plots in the case of Feed 30/100 samples combined MW and acid pretreatment 
It can be summarized that chemical pretreatment can increase the RS yield from the different feedstock 
fractions but beside the increment of RS yield the combined MW-chemical pre-treatments have also effect 
on degradation kinetic. As our results show with microwave irradiation and combined microwave 
acidic/alkaline pretreatments the degradation rate can be improved.  
 
4. CONCLUSION 
Consequently, different microwave powers have but it has different effects on samples. Different enzymes 
are efficient for different feedstock fractions types. Cellic enzyme is more efficient for feedstock fractions 
types and Feed 30/100 samples have higher RS yield than the GM16 because of their physichochemycal 
structure and components, i.e. less lignin.                                      
When enzyme effect on different type of feedstock fractions fraction was compared the Feed 30/100 
samples have higher RS yield at any condition.  
It can be concluded that alkaline and acidic dosage has also effect on RS yield, but the extent of RS 
increment was determined by the MW power, suspension concentration and the type of feedstock fractions 
raw materials, as well. In general, the combinated MW & alkaline pre-treatments was more effective than 
MW&acidic pre-treatments, but it was found that for 0.5% Feed 30/100 feedstock fractions suspension the 
microwave irradiation with alkaline and acidic pre-treatment produce the same RS yield. 
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ABSTRACT 
This paper investigates the uses of solar energy systems in various applications to define the most 
appropriate system that has highly efficient and reliable. Most of the urban even rural areas that suffer from 
lack of continuous power supplies it prefers to depend on hybrid systems like solar/wind systems, 
solar/geothermal system, and solar/diesel-battery systems. Investigation indicates that hybrid systems could 
meet the required loads in different proportions depending on the operating conditions and components of 
the hybrid system compare with the separate system but has complexity regarding their components of the 
system with the high initial cost. Moreover, utilize hybrid solar/thermal system is more sufficient than had 
systems that mentioned as a result of the improvements at his parts to increase the overall efficiency by 
using phase change material (PCM), nanofluid or a mix of PCM - nanofluid as cooling the photovoltaic 
(PV) panel to keep the efficiency of the solar cells and increase thermal energy. Thus, hybrid solar/thermal 
systems had proven effective to meet the required loads of electric energy and good capacity to provide 
thermal energy simultaneously without toxic emissions with a negligible complexity of its components. 
Keywords: Irradiation, Hybrid system, PCM, Nanofluid 
1. INTRODUCTION  
Growing of human population growth and the associated industrial revolution leads to increasing energy 
demand constantly where fossil fuels are the main source of energy which causes by a huge of carbon 
dioxide emissions due to electricity generation. Many feasibility studies have conducted to determine the 
systems that work as environmental friendly systems (renewable energy systems) that has a long life 
operation with high reliability and efficiency, these systems have selected as an alternative to fossil fuel 
systems [1], adopting alternative energy sources as non-conventional sources such as wind energy, 
hydropower, biogas, biomass energy and solar photovoltaic.  As a reason for the increasing demand for 
electricity, other causes like increasing global warming and fluctuate of oil price and gas emission [2], In 
this context, utilize new environmental friendly systems that called hybrid system to be a viable alternative 
for a single system where the hybrid system has a suitable ability to fulfill the energy demands of 
consumers in isolated areas [3]. A hybrid system is a combination of two or more systems that depend on 
energy sources to generate efficient power that could supply stable power. Many scientists found that 
solar/geothermal system represents a suitable option for achieving a stable energy source because it has a 
good feature allows to operate without emissions and work with steady-state. Converting the excess heat 
energy gained from the sun during the day by units stored energy to use it during the night to meet the 
required energy demands [4]. Hybrid solar/wind system is preferred especially at the rural area, where 
there is no benefit could get from the grid supply due to rise the demand for electricity which lead to 
heading toward the renewable. Feature of solar and wind energies is intermittent for this reason adopting 
hybrid systems became a good feature to ensure the energy supply even with the absence of one of its 
sources like sun or wind and thus, achieve the maximum capacity to benefit from it [5]. Combine 
conventional with eco-friendly system represented by hybrid solar/diesel system that used as a solution for 
areas that have to lack a grid system where select hybrid solar/diesel- battery system has a reliable with 
suitable efficiency to supply the power without considerable interruption although it is a product of toxic 
emissions [6], adopting on solar radiation as clean energy sources that use with a different type of the 






system even hybrid or separate. Recently a hybrid photovoltaic/thermal collector is commonly used and 
this system will provide by electric and thermal energy simultaneously. The main aim of the combined 
PV/thermal system is achieving increasing in the overall efficiency of the PV system by cooling the solar 
cells by the pipes of solar collectors that including the (water, air) or another fluid medium. Thus, decrease 
the temperature of solar cells make the PV work with good efficiency adding to the thermal energy that 
increases due to the heat gain from solar radiation and solar cells [7]. In Hungary, nuclear power as well 
coal is dominated by producing electricity in addition to imported electricity. Recently, Hungary desires to 
support its capabilities in the field of energy permanence by adopting renewable energy sources that 
characterized as clean, secure and economic to meet its needs of electric power and heating, etc. [8]. 
Technical and economic studies have conducted the various design of the photovoltaic system according to 
Hungarian conditions with different capacities from 50 kW to 500 kW for local governments and industry 
sectors. The results show that the investment in the solar energy field was good economically and 
technically with low payback periods of less than 10 years. [9]. According to data of the Photovoltaic 
Geographical Information System of the University of Miskolc-Hungary from 2006-2016 as seen in Fig. 1, 
where shows the monthly solar irradiation estimates (Horizontal irradiation) with slope angle 37° which 
considered suitable to encourage the use of solar energy in various fields. 
 
Figure 1. Global horizontal irradiation for University of Miskolc 
2 HYBRIDS SOLAR/ WIND SYSTEM 
Hybrid solar Photovoltaic/Wind system is a parallel hybrid system that combined the PV array that 
depends on the abundant solar radiation which is not the same intensity during the same day and wind 
turbine that depend on the abundant of wind source. Thus, generate power that could meet the load 
consumption when the solar radiation is available, the hand when the sun goes down the wind turbine 
could cover power shorting when the wind source is available and Fig. 2, show the schematic diagram of 
hybrid PV/wind system [10]. Adopted both of wind and solar energy resources as one system (hybrid) by 
using both wind energy and solar energy like a combined system to the resolved issue of variability and 
optimization the production of the system by converting wind and solar energy into electricity that directly 
storage by batteries to meet the required loads [11], Thus, to build a hybrid system it is very important to 
study the technical abilities of the local consumers for knowledge of the advances that include this sector. 
In 2012, a study had conducted to determine the performance and compatibility of the hybrid PV/wind 
system on the remote area power system (RAPS) around the year. Therefore, data analysis funded that for 






each hour around the year both wind and solar energy resources one of them completes the other with meet 
the specific loads without the need for additional batteries for charging compared with converting and 
storing for separate PV system [12]. Therefore, increasing utilizing hybrid systems like solar and wind 
systems that considered as promising energy resources that use for residential and industrial applications. 
Although lowering usable in the rural areas due to the reduction of technical capacity such as break-even 
distance and low population size [13]. In another hand, hybrid solar/wind systems are a little complicated 
regarding to their components (non-linear properties) and other variables parameters among both of 
configurations to reach optimization technique for hybrid solar/wind system with the assistance of 
computer software which plays an important role to design safe energy systems [14]. 
 
Figure 2. PV/ Wind Hybrid System 
Both systems that combined use batteries as a back-up option for the stored energy generated in the case of 
one of the sources (solar radiation or wind) is not sufficiently available. However, in case of the solar 
hybrid PV/wind that connected by the grid, there is no effect on the stability of the system and in case of 
off-grid hybrid PV/wind system It is possible to reach stability in the system by increasing the number of 
batteries [15], it is necessary at design the hybrid system to specify equipment's with taking in 
consideration the capacity maintain the reliability of system when meeting the loads with reducing of 
system capital cost [16]. 
 
3. HYBRID SOLAR/GEOTHERMAL SYSTEM  
Maximizing the benefit of renewable energy sources which has rapid growth in the recent period, several 
hybrid systems can be used in different applications areas like hybrid solar/geothermal systems to obtain 
thermal and electric energy. Hybrid PV/geothermal system has two configurations one of them is building-
integrated PV/thermal, the other is earth-air heat exchanger both of them work as a heating and cooling 
modes adding to the electric energy production to achieve the efficient benefit of solar/geothermal energy 
as shown in Fig. 3. According to the thermodynamic performances of hybrid PV/geothermal, the results 
show improvement by performances of the hybrid system and achieve appropriate thermodynamic with 
improving the efficiency of the hybrid system [17]. Hybrid solar/geothermal systems have promising 






features and it is applicable spicily at the regions that have high heat flux with surface radiation which 
leads to combined solar energy with geothermal is possible. 
 
 
Figure 3. Hybrid solar/geothermal systems for heating and cooling mode 
Hybrid solar/geothermal systems have proved it is a suited choice to processing the lowering of the 
capacity factor with the instability of the grid which leads to the fluctuated power supply. Combined solar 
with geothermal energy will contribute to compensation the lower capacity factor of solar energy by 
geothermal and improve the configurations of hybrid during heating geothermal fluid that has a low 
temperature of solar energy. Generally, geothermal energy has a temperature between moderate-low to 
raising the temperature of geothermal fluids it is important to make the efficiency of geothermal generation 
is better by combined with solar energy and to solve the instability of solar system by using geothermal 
fluids that gain high temperature as a storage system which leads to obtained mutually beneficial due to 
combined with promising renewable energy. The results of many studies show that hybrid solar/geothermal 
has a great performance comparing with separating systems and the efficiency of the system depended on 
the improvement of hybrid system components. However, as there are advantages of hybrid 
solar/geothermal systems there are disadvantages represented by high initial cost adding to the complexity 
in the components of hybrid systems [18]. One of the suggested solutions to meeting the shorting in energy 
supply is geothermal energy that represents by stored energy that proposed as a combined concentrated 
solar array with geothermal depending on stored energy under the earth (water or steam) which effected by 
high pressure and temperature.  In this respect, the productive lifetime of hybrid concentrated solar 
arrays/geothermal energy will extension and by reheating the fluid during reinjection in the well which 
leads to increase the thermal energy of concentrated solar collectors thus could use this system as alone 
grid with providing energy security when the energy consumption be high [19]. 
 






4. HYBRID SOLAR/ DIESEL SYSTEM  
Most governments have a trend of covering the remote areas by electricity to reach 24 hours by day and 
the clean energy systems are a suitable alternative for conventional grid electricity [20]. Furthermore, some 
studies found out using a hybrid solar PV/diesel as stand-alone power generation is a good economically 
that can meet the load demands as well observed that there is a lowering in emissions when using hybrid 
system comparison with only generator system. According to previous studies that conducted to determine 
an appropriate system for rural areas where had analyzed and simulated for energy systems, which are 
generator system with, without battery and PV/Generator with, without battery system. Thus, it found that 
use a generator/battery system is the least suitable option while hybrid PV/Generator with battery more 
suitable option economically and the cost of electricity generated of a hybrid system is cheaper than a 
generator that uses or not use battery [21]. Planning for build renewable hybrid system it is necessary to 
study optimal sizing of the system such as the capital cost of equipment and size of the load that must be 
covered by the system with a suitable level of reliability by consideration the highest of flexibility and 
efficiency to meet the load [22], in another hand to achieve large savings in both of energy and cost where 
most of the studies have focused on reducing the cost of energy, fuel consumption to maximizing PV 
energy produce by using stored energy in the battery off-peak and adopting on the generator operation in 
the peak period [23], using hybrid PV/diesel system that grid connects can significantly reduce the cost of 
electric power at the demand peak at the daytime with the minimum of annual cost and makes dependence 
on the equipped national network of electricity power smaller [24]. Thus, several kinds of research that 
used different design models with different software prove that hybrid PV/diesel with battery It has better 
flexibility and efficiency than PV system only adding to that is economically suitable for remote areas 
where is no electricity available. The hybrid PV/diesel system has a lower cost of energy produced 
comparison with energy conventional production with noting the decrease both of operating costs and 











Figure 4. Scheme of hybrid PV/diesel -battery system 
Subsequently utilizing a PV hybrid power system either for backup or complementary purposes will be 
very interesting to lower operational expenses as well as component replacements [26], adopted other 
studies to determine different strategies that can affect the cost of energy of PV/diesel with the battery as 
well as net present cost by select two types of battery (Lead Acid and Lithium-ion) and type of diesel 






generator that used with grid-connected hybrid PV/diesel. Results indicate that both of cost of energy with 
net present cost will be greatly affected by the capital cost beside of discount rate another hand there are 
negligible effects of the battery, PV module and fuel for both of (PV/Diesel/Lead Acid or 
PV/Diesel/Lithium-ion) hybrid systems [27]. 
5.  HYBRID SOLAR PV/THERMAL SYSTEM 
Accreditation on the photovoltaic system has grown rapidly increased in the last years with different 
capacities of clean electricity production and decrease dependence on traditional energy. The photovoltaic 
system has a disadvantage when the temperature goes up to where the solar cells will be affected which 
leads to lower the efficiency of the PV panel and sometimes lead to degradation in solar cells [28]. 
Utilizing different techniques that contribute to maintaining the efficiency of solar cells and one of these 
techniques is a cooling system that combined with the PV system by air as a heat transfer medium through 
channels placed behind the plate and in contact with the PV panels to lowering the high temperature of the 
solar cells. On the other hand, use water as a medium that has a high thermal capacity where the cooling 
system is attacked the PV panel from the back that consists of absorber plate with tubes embedded in 
absorbing the high temperature of the PV cells with keeping it in an acceptable range. Thus, obtain electric 
energy with high efficiency and thermal energy due to the heat gain from the PV system [29]. The overall 
efficiency of the PV/thermal system represents the intrinsic of the PV/thermal system and according to that 
many researchers have developed various techniques that would increase the efficiency of the system while 
maximizing the output power. Therefore, to improve the performance of the PV/thermal a new technique 
had used represented by adding PCM for the solar collectors that have a good advantage to absorbing and 
releasing heat as shown in Fig. 5, where It absorbs heat from the PV panel when temperatures rise and at 
the night the stored heat is thrown out by the fins, this advantage made it suitable for cooling of solar cells 
when the temperature is rising thence use PCM make the solar cells work at nearly constant temperature 
add the increasing by the efficiency of the PV panel. A fatty acid used as PCM to cool the PV after putting 
it in rectangular metal includes fins to dissipation the heat gain of the PV panel where the low thermal 
conductivity PCM (fatty acid) contributed to improve the PV efficiency [30]. 
 
Figure 5. Hybrid PV/Thermal system with PCM 
 






Different percentages of nanofluids had mixed with the fluid as a new technique with the PV as a heat 
transfer agent that has a high thermal conductivity compare by base fluid and it is widely used in heat 
exchangers as well the PV/T system [31]. The ability to integrate more than one technique that contributes 
to increasing overall efficiency and improving system performance is meaningful. Mixing certain 
percentage of nanofluid with PCM that aims to increase thermal conductivity where the PV module will 
connection with heat storage tank in the backside of PV panel and the tank that include copper tubes that 
will be filled by PCM-nanofluid that works to the absorbed high temperature of the PV panel thus the tank 
will cool by recycling nanofluid by an external heat exchanger. Increase thermal efficiency of PV/thermal 
respectively with electric energy and economy of the system which made it promising in the future [32]. 
6. CONCLUSION  
Accreditation on various resources of renewable energy that could ensure energy supply sustainability by 
meets the load demand continuously. Adoption of the solar energy systems that have efficiency with 
reliability as an alternative resource of conventional energy contributes to reducing emission and 
conventional energy. This paper seeks to identify the suited hybrid system t for general applications by 
studying a different type of hybrid system. Adopting hybrid solar/wind could meet the required loads but it 
has a little complicated regarding their components (non-linear properties) with the assistance of computer 
software that has an important role to design safe energy systems. Using a hybrid solar/geothermal system 
has great performance comparing with separation systems and efficiency depends on system components 
which is complexity with the high initial cost. However, hybrid solar PV/Generator with battery more 
suitable option economically that could meet the load demands for rural areas but it does not evacuate from 
a certain value of toxic emissions result by using it with little effects of the battery. While Hybrid solar 
PV/thermal system experiencing significant growth with improvements at his parts to increase the overall 
efficiency of the system by use PCM, nanofluid or a mix of PCM-nanofluid as cooling the PV panel to 
keep the efficiency of the solar cells and increase thermal energy. Utilizing a hybrid solar/thermal system 
has proven effective to meet the required loads of electric energy and good capacity to provide thermal 
energy simultaneously without toxic emissions with a little complicated component. 
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ABSTRACT 
Significant development has taken place in the field of waste management recently in the preparation of the 
energetic exploitation of recyclable, non-hazardous municipal solid waste. With mechanical-biological 
waste treatment, 35-40% of the weight of this waste can be made appropriate for energetic exploitation, 
mainly for co-incineration in cement factories and power plants.  
The recoverability of waste derived fuel produced in mechanical-biological waste treatment plants highly 
depends on the burning and combustion technological properties of the mixture, and on its compounds 
influencing burning and different emissions. Waste recovery facilities do not take over fuel below a 
specific calorific value and over a given heavy metal, halogen and pollutant content.  
In our research we were looking for correlations in the particle size, calorific value, moisture-, ash- and 
heavy metal content of waste derived fuel. On the basis of the measurement results, the connection 
between the particle size fractions and the fuel properties can clearly be stated. The fractions of smaller 
particle size have higher moisture-, ash- and heavy metal content, while the fractions of bigger particle size 
have higher calorific value.  
Keywords: mechanical-biological waste treatment plant, RDF, SRF, particle size, calorific value, ash content, heavy 
metal content 
1. INTRODUCTION 
WDF (waste derived fuels) from non-hazardous waste, produced through mechanical-biological waste 
treatment of mixed residual waste remaining from selective waste collection, are refuse derived fuel (RDF) 
and solid recovered fuel (SRF).  
According to the research report of Ecoprog, the amount of the RDF/SRF produced within the EU 
(European Union) is continuously growing. By 2025, the expected mechanical biological treatment (MBT) 
capacity will have reached 65 million tons. [1] 25 MBT facilities were established in Hungary between 
2010 and 2015. In 2017 there were 31 MBT facilities, having an overall capacity of 1.65 million tons. [2] 
RDF/SRF typically consists of plastic, paper, textile and other combustible materials [3]. It is characterized 
by higher calorific value, more homogeneous physical-chemical composition, easier storage, handling and 
transport, and lower pollutant emissions compared to the energetic exploitation of mixed municipal solid 
waste (MSW). [4] The quality of waste derived fuel is generally characterized by homogeneity, 
composition, energy efficiency, calorific value, moisture-, ash-, sulphur- and chlorine content and heavy 
metals. [5] [6] Moisture content is a critical parameter that affects all other SRF quality-characteristics, but 
mainly calorific value. [7] The removal of interfering substances or not combustible materials, such as 
glass and inert matter, however, has a positive effect on calorific value. [8] 
Fuel generated in the course of mechanical treatment is handed over for energetic exploitation through 
incineration or gassing. Handling temperature shows significant difference between the two technologies. 
Incineration takes place at 850-1000 °C, gassing at 1200-1400 °C. Heavy metals in the fuel undergo a 
transformation in the process of incineration, and they get into the waste gas and ash generated in the 
course of energetic exploitation. To ensure their safe and effective usage, appropriate disposal or treatment 
procedures should be applied. [9] [10] [11] 







In addition to the above-mentioned technologies, fuel is also used in cement factories for co-incineration 
all around Europe, where incineration takes place at 1400 °C. In these cases, ash is incorporated in the 
finished product, so it is of particular importance that the incorporating substance does not downgrade the 
quality of the finished product. [3] [12]  
In practice, the exploitation of RDF/SRF can take place in other various ways. The possible environmental 
impact of residual-ash incorporated in roadbeds was examined, compared to dumping broadly considered 
as the worst option. [13] To these alternative forms of utilization, it is also necessary to have a detailed 
examination of the treated ash to know its chemical properties (metal content, pH), since it is often used in 
the ground-level where migration and leak characteristics are also of great importance. [10] [14]  
Test measurements were also made to bond metals in the fuel in chemical or physical form using added 
substances in the course of utilization; but four out of the tested elements could not be bonded with any of 
the substances, and they all got to the ash. [15] These properties are determined not just by the fuel 
production technology, but also the composition and quality of the incoming material of the mechanical 
treatment plays a significant role in it. [3] [16] Additives, coatings and alloys of packaging materials and 
hazardous waste have the biggest effect on the heavy metal content. [17] [17] [19] One part of these wastes 
is collected separately in an ideal case, but due to the residents they often get to municipal waste, and they 
significantly affect the parameters of the generated fuel. [16]  
In Hungary, several researches were done over the last few years to ensure a higher quality of waste 
derived fuel. In Miskolc, experiments were carried out in the fields of developing fractions of high calorific 
value, separating metals more efficiently and pelleting fuel. [20] Some other research teams examined the 
composition of the incoming mixed residual waste at MBT, its particle size distribution, weight 
distribution, composition ratio and calorific value. [21] [21] [23] [24] Also, the development and testing of 
some combined separation equipment suitable for the increase of the efficiency of fuel production is in 
progress. [25]  
2. MATERIALS AND METHODS 
In Pécs, mechanical-biological waste treatment procedures are applied for the non-hazardous mixed 
municipal solid waste (MSW). The research was carried out in the mechanical-biological waste treatment 
plant at the Regional Waste Management Centre of Pécs-Kökény, and we studied the waste-derived fuel 
generated there. 
From the residual, mixed MSW of SRF production, interfering substances are removed by manual pre-
selection and then the waste is shredded to particle size of less than 350 mm with the help of a pre-
shredder. The waste stream contains recyclable, combustible and inherently biodegradable components. 
From the shredded stream of material, magnetic metal is detached, then the fraction of high biological 
content is separated through a trommel with a mesh of 60 mm. From the upper fraction of the trommel 
(>60 mm) magnetic and non-magnetic metal is separated by the eddy current separator. The remaining 
stream of material goes through an air classifier that separates not combustible inert (stone, brick, concrete, 
glass) and other heavy materials. The combustible stream of material is then transferred to the post 
shredder where it is shredded to an average particle size of <60 mm. After shredding, a final magnetic 
metal separation takes place, and RDF/SRF is placed in the buffer container or directly transported. 
In our experiments, the freshly generated fuel was divided into five different particle size ranges: <10 mm, 
10 mm – 20 mm, 20 mm – 30 mm, 30 mm – 40 mm, >40 mm. In the measurements the ranges were 
examined separately. In each case, the measurement series was carried out on an original sample without 
sifting. When selecting the research categories and parameters, we used the physical and chemical 
parameters of Annex “A” of Standard EN 15359 as the basis. Among others moisture content, calorific 
value, ash content and heavy metal content of 11 elements were examined. 






2.1. Moisture content 
The moisture content measurement was carried out by using the drying oven method. Representative 
samples were taken from the separated particle size fractions and from the raw unsifted material (<60mm), 
and the samples were dried to constant weight for 24 hours in a drying oven type POL-EKO-APARTURA 
SLW 400 STD. Further measurements were taken on the dried samples obtained. 
 
2.2. Calorific value 
For measuring the calorific value, bomb calorimetry method was used. To ensure the representativeness of 
the samples, the reduction of the particle size was needed. To improve the accuracy of measurement, the 
samples chopped to particle size of <10 mm were measured after pelleting. The wet and dry calorific value 
was calculated according to the requirements of the standard MSZ EN 15400:2011 using hydrogen 
correction. 
2.3. Ash content 
The ash content measurement was carried out according to the standard MSZ EN 15403:2011 using muffle 
furnace method. For the measurements the dried samples were chopped to an average particle size of <1 
mm to ensure homogeneity, and they were put into a muffle furnace in heat-resistant ceramic cups. The 
calcination of the samples took place in two steps with the parameters given in the standard: first at 250 °C 
for 60 minutes, then at 550 °C for 120 minutes. 
2.4. Heavy metal content 
During the measurements, the heavy metal content of the fuel was determined by using the method of 
inductively coupled plasma optical emission spectrometry (ICP-OES). The samples of waste derived fuel 
were dried to constant weight (when its mass is constant) and chopped to an average particle size of 0.25 
mm to ensure homogenisation. Through chemical degradation, 0.25 g sample was put into solution by 
using ultra-pure chemicals. During the measurements, we derogated from the standards in so far as we not 
only used hydrochloric acid (HCl) and nitric acid (HNO3) as reagents but also hydrogen peroxide (H2O2) so 
that the oxidation of organic matter can take place easier. The mixture of the same chemicals was used at 
the blind samples in order to get as accurate test results as possible. After degradation the aqueous 
solutions were diluted, and ICP-OES measurements were done on these for the following 11 heavy metals: 
antimony (Sb), arsenic (As), cadmium (Cd), chrome (Cr), cobalt (Co), copper (Cu), lead (Pb), manganese 
(Mn), nickel (Ni), thallium (Tl), vanadium (V). The concentration found in the aqueous solution was then 
calculated back referring to mg/kg dry SRF. 
3. RESULTS AND DISCUSSION 
3.1. Moisture content 
Figure 1. shows the average result of the 49 samplings. The measurement results clearly indicate that the 
moisture content is inversely proportional to the particle size. The moisture content of the fraction with the 
smallest average particle size is twice as high as that of the fraction with the biggest average particle size, 
because they contain high levels of biodegradable organic material. The original sample without sifting 
showed similar quantities to the results of the sample with average particle size of 20-30 mm. 







Figure 1. Changes of the moisture content depending on the particle size. [w/w%] 
3.2. Calorific value 
Figure 2. depicts the changes of the dry calorific value depending on the moisture content as the average of 
24 samplings. It can be clearly seen that the calorific value is directly proportional to the particle size. In 
this case, the result of the original sample without sifting is most similar to the results of the fraction of 20-
30 mm. 
 
Figure 2. Changes of dry calorific value depending on the particle size. [MJ/kg] 
Figure 3. illustrates the changes of wet calorific value depending on the particle size. These are the results 
of the calculations made according to the standard already containing the corrections with moisture content 
and hydrogen content. In this case it can be clearly seen again that the calorific value is directly 
proportional to the particle size. 







Figure 3. Changes of wet calorific value depending on the particle size. [MJ/kg] 
3.3. Ash content 
Figure 4. shows the average result of the 36 samplings. The results indicate that the ash content is inversely 
proportional to the particle size. This is probably due to the fact that the inert part of the waste with fine 
particles accumulates in the smaller fractions. 
 
Figure 4. Changes of the ash content depending on the particle size. [mg/kg] 
3.4. Heavy metal content 
Figure 5. contains the total heavy metal content. It can be seen, that similarly to the ash content, this 
parameter is also directly proportional to the particle size. 
 







Figure 5. Total heavy metal content depending on the particle size. [mg/kg] 
The proportionality is not so clear here as in the case of the other tested elements. At the fraction with 10-
20 mm particle size, the total heavy metal content is bigger than at the fraction with an average particle size 
of <10 mm. When examining the results of the tested heavy metals, it emerges that the same trend is 
observed in the case of copper content, as it can be seen in Figure 6. In order to exclude incorrect 
measurement results, we examined the sample before homogenisation, and in all 3 cases significant amount 
of copper line remnants were found. During mechanical treatment, the plastic coating of the copper wires 
faultily thrown to MSW get damaged, the wires can break into smallish pieces, and they typically appear in 
larger amount in this particle size. 
 
Figure 6. Changes of the copper content depending on the particle size. [mg/kg] 
4. CONCLUSIONS 
In our measurements we examined fuel generated in the Regional Waste Management Center of Pécs-
Kökény. The measurements were performed according to Annex A of Standard EN 15359. In brief, the 
measurement results can be summarised as follows. 






Figure 7. depicts if calorific value is compared to moisture content, moisture content has a negative effect 
on calorific value, since the two measured properties show inverse proportion. Therefore, if we want to 
increase the calorific value of the output material, it is likely to be reached with the reduction of the 
moisture content. This could be achieved by using the natural drying period of the material, when it is 
stored in a covered area, where it is protected from the unsuitable weather conditions like rain and fog. 
The biggest influence factor, when it comes to both the quality and quantity of the final product, is the 
incoming material, after all, the MBT plant is only there for to process the incoming waste stream. If 
anything changes in the incoming material, for example more people start to collect separately the 
packaging waste or the green waste, it will have an effect on the output material. Growth in the separate 
collection of the green waste would have a positive impact on the quality of the RDF/SRF as this group of 
substances has a significant influence on moisture content, that is in correlation with the aforementioned 
important chemical and physical properties. In contraire, growth in the separate collection of the packaging 
waste would have a negative impact on the quality and the quantity of the RDF/SRF, because most of the 
materials that have the best combustion properties are packaging materials.  
 
 
Figure 7. The comparison of the changes of calorific value and moisture content. [w/w%; MJ/kg] 
When calorific value is compared to the previous tests, it becomes clear that it shows an inversely 
proportional relationship both with moisture content and with ash content. This can be seen in Figure 8. In 
the light of practical experience, fractions with smaller average particle size contain inert and 
biodegradable material in a higher percentage, and these cause the higher ash- and moisture content. 
 
 
Figure 8. Changes of the calorific value, moisture content and ash content. [MJ/kg; w/w%] 






In search of further relationships with ash content, we found that there is a relationship between the two 
parameters when compared with heavy metal content. The results shown in Figure 9 let us conclude that 
materials containing heavy metals can be found in a higher percentage in the fractions with smaller particle 
size. 
 
Figure 9. Changes of the ash content and the total heavy metal content. [w/w%; mg/kg] 
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Over the last decades due to rapid development of human civilization along with revolution in technology, 
some burning issues about generation of environmental contaminant, management of by-products from 
technologies, high consumption of natural resources and conservation of natural resources have been 
dramatically raised. Without any contradiction, impacts in overall ecosystem as well as human civilization 
have negative effects. These evoked lots of scientific and industrial researches, and implemented several 
stricter environmental legislations on the development of sustainable ecosystem. Thus, sustainability has 
become an emerging topic all over the world, as evidenced by the growing body of scientific publications 
in the last 20 years with one order of magnitude increase since the start of the new century. The study 
attempts to perform a review of the sustainable development from the food industry’s perspective. At 
present, the agro-food sector produces high amount of carbon dioxide, food waste, packaging waste, 
wastewater, etc. and it is still consuming a lot of water, land, oxygen and energy. Furthermore, taken into 
consideration the increasing number of the world’s population, there has been an enhancing interest 
experienced towards sustainable development among food manufacturers in the last decades. The article 
highlights the paramount areas of sustainable production, which offers new directions towards the 
increasing number of human beings for the future survival. The paper also gives an overview of the main 
perspectives contra constraints of sustainable food production, offers innovative food products from 
sustainable food waste and by-product, and focuses on the growing importance of sustainable food 
production in life cycle assessment methodology as well. 
Keywords: Sustainable food technology, LCA method, Protein, Waste valorisation 
 
1.INTRODUCTION 
Social and economic importance of natural resources is unquestionable at all times from the aspect of 
humanity.  Economical management of resources against wasteful and careless utilization – which is able 
to protect the decrease of biodiversity – became an essential topic on corporate, national, regional and 
global levels. In the early periods of economics natural resources were considered as permissible goods 
exposed unlimitedly to the society. Fig 1. summarizes the social and environmental aspects and economic 
costs of emergent foods for evaluating long-term sustainability [1]. 
The accelerated pace of population growth and the intensified production and growing consumption in the 
20
th 
century, increased the utilization of natural resources exponentially [2]. Concern about climate change 
and scarcity of resources has brought environmental and sustainability issues into focus both on political 
agenda and in the consciousness of the general public [3]. Sustainable development such as the decreasing 
of the emission of greenhouse effect gases, protection of forests, saving and caring of biological diversity 
and the management of energy resources should be in focus [4]. Sustainable development is a sort of 
development which ensures the satisfaction of present generation’s demands without the threat of 
endangering future generations’ chances to satisfy their demands [5].  
 






2. MATERIALS AND METHODS 
Most relevant scientific publication have been collected and used in the study, proceeding towards 
scientific literature synthesis throughout the work as methodology. Furthermore examination of the set of 
hypothesis discussed in the following chapter for the different topics in the article was carried out.  
 
Hypothesis 
Nulhypothesis are being set in the different chapters of the article to determine whether the following 
statements are veridical or not concerning the context of the different areas in food production. 
 
Hypothesis 1.  
Waste minimalization and valorisation are significant methods in order to ensure sustainable food 
production on an economic, environmental as well as social level. 
H0= The statement is acceptable. Waste minimalization and valorisation are significantly applicable 
methods for sustainable food production. 




Alternative protein sources are needed for future sustainability, other than animal-based protein sources 
with negative impact on the environment.  
Current research has been moving towards new directions of protein sources from animal-based through 
plant-based to insect-based due to a more sustainable environment. 
H0= The statement is true. The plant-based protein has a positive effect on environmental, as well as new 
researches can be found as an additional protein source of insects for human.  
H1= Animal-based protein source is sufficient for a long time for human nutrition. 
 
Hypothesis 3.  
There is an increasing need for laboratory measurements, to meet sustainability, safety and health 
requirements in the field of food production, especially in protein analysis. Intensive growth in numbers of 
private laboratories providing external measurements can be experienced in the market. 
H0= There is a strong connection to be detected  between laboratory measurements and safety as well as 
health requirements in the food industry. 
H1= There is no connection between laboratory research activities and safety requirements. 
 
 
2.1. The perspectives and constraints of sustainable food production 
The long-term prospects for sustainable food production are being questioned increasingly by resource and 
policy analysts [6]. The world population is expanding rapidly and is likely to grow from 6 billion to 10 
billion by 2050. It leads to exploitation of natural resources by greenhouse gas emissions, water 
consumption and deforestation, contributing to world’s ecological insufficiency and climate change. There 
is an urgent need for a change of global food and agriculture systems in order to sustainably increase food 
production.  
 
The food sector has been reported to utilize around 30% of the World’s total energy consumption and 22% 
of total Greenhouse Gas emissions [7]. The water resources of our Earth are also reducing drastically, and 






require us to restructure our diet. The amount of the needed water to produce 1 kg of food is 13000 l in 
case of cattle; 5520 l in case of chicken; while only 50 l in case of peas or lentils [8]. So it leads to a 
significant increase in the price of food of animal origin, which implies to significantly reduce the 
proportion of these in our diet. 
Food security, sustainable agriculture has limited availability of further water resources, arable land and 
crop yields. 
Especially in the developing countries, poor soil fertility, soil erosion and low level of mineral nutrient in 
soil are major constraints contributing to food security, also the well-being of humans without harming the 
environment [9]. Climatic change can ultimately threaten the long-term adequacy of food production 
systems as well [10].  
The conclusions are to maintain yield while protecting the environment, conserving natural resources and 
the need for agricultural expansion and productivity growth are so important [11] [1] .   
Plant nutrition research provides sustainable ways as main priorities to meet human needs for food. 
Brklacich and co-workers [12] drew the attention that environmental degradation, competition for 
resources, increasing food demands, and the integration of agriculture into the international economy 
threaten the sustainability of many food production systems.  
According to Hekstra and Liverman [10] the concept of sustainable food production technology systems 
remains unclear, and recent attempts to appraise sustainability have been hampered by conceptual 
inconsistencies and the absence of workable definitions. In their work six perspectives were introduced and 
considered individually to underpin the concept, namely: 
1. environmental accounting 
2. sustained yield  
3. carrying capacity  
4. production unit viability  
5. product supply and security  
6. equity.  
 
These perspectives provide a basis for proposing a comprehensive definition of sustainable food production 
systems. Van der Goot [13] emphasized that the current way of producing food is not sustainable due to 
inefficiencies in food production, increased use of products of animal origin, inefficient use of food 
products once produced, and the current set-up of food process.  
According to Jagustovica et al. [14] climate-smart-agriculture (CSA) is seen as a relevant solution for 
tackling sustainable increases in food production. CSA integrates the social, economic and environmental 
dimension of food production and aims to simultaneously achieve the triple goals of (a) ensuring food 
security through a sustainable increase in productivity and income, (b) adapting to climate change and (c) 
reducing greenhouse gas emissions. New technologies, as better alternatives than conventional methods, 
improve quality attributes as well as shelf life, contribute to resource savings and also to decreasing energy 
consumptions [15] [16]. According to Töpfl and co-workers [17] more than half of the population in 
developed countries do not prefer highly processed foods and lean towards organic production and food 
produced locally rather than obtain products from global food flows. 
 
Fig.1. summarizes the social and environmental aspects and economic costs of emergent foods for 
evaluating long-term sustainability. 
 
 








Figure 1. Sustainable food systems dimensions [1] 
 
2.2 Food sustainability by waste and by-product 
Food processing industry in the EU annually generated around 100 Mt of food waste and residues, and 
more than its 38% happens due to processing. Significant amounts of compounds with potential for 
valorisation for high added-value products are lost [18]. As food waste does not cause severe 
environmental threat, this subject has not received much attention yet [19]. 
Since the food production challenges for growing population are common issues, global food waste at 
retailers, consumers, production, and supply chains level should be reduced by 2030 [20]. Food wastes are 
today considered as a cheap source of valuable components since the existent technologies (conventional, 
emerging) and the commercialized applications allow the recovery of target compounds and their recycling 
inside food chain as functional additives in different products with low production costs [21]. By-products’ 
sources can have high fibre, protein content, other beneficial bioactive components, so they can be good 
food additive eg. to improve protein content, biological value/nutritional quality and some techno-
functional properties as water binding capacity and balance texture in processed food, or to modify the 
structure of proteins with decreasing the allergenic proteins and to manage medical problems as well.  
A lot of biomass continues to be disposed that are harmful to the environment even though it still contains 
valuable ingredients. Extracting and refining these ingredients requires processes that are sufficiently 
gentle, energy efficient and cost-effective across a value chain to benefit from them. The process and end 
products must meet strict industry-specific regulations. Major contributors to biomass waste are rapeseed, 
olive oil production, the processing of citrus fruits and vegetables, such as tomatoes, considered to be low-
value, although containing valuable compounds, as extraction was either too difficult, too costly.   
Stone and co-workers [22] introduced the unavoidable food waste reduction/management through food and 
drink manufacturers by the means of reclaiming as much value as possible, by conversion to valuable 
products, so called “valorisation” performed in a sustainable manner. Potential valorisation options as well 






as selecting appropriate indicators for environmental, social and economic performance are indentified, 
using Cost-Benefit Analysis (CBA), Life Cycle Assessment (LCA), and Variation on Multi-Criteria 
Decision Analysis (MCDA), respectively. The given results highlighted that overall valorisation strategy is 
optimal for offering superior economic return, environmental performance as well as technological 
readiness level.  
Ekman et al. [3] examined the contingency of the transition to a bio-economy by the efficient utilisation of 
biomass resources – e.g from wastes and by-products - with good environmental performance in bio-
refineries in order to generate extra value (energy, chemicals) [23].  
Summarizing the highlighted articles and research works in this section, it can be clearly stated that 
Hypothesis 1. is an acceptable as food waste reduction and by-product valorisation are significant methods 
in sustainable food production. 
 
2.3. Towards emergent food proteins  
Finding solutions for sustainable food production is an increasingly pressing task nowadays. One possible 
direction is to exploit the potential of non-conventional raw materials. The increasing demand for animal 
protein cause serious concerns. Resources were needed to convert vegetable matter into animal-derived 
proteins, such as meat or milk proteins. The adaptation of a more sustainable production of conventionally 
used proteins and by that, starting to rebalance the contributions between animal and plant proteins, thus 
contributing to the sustainability of food systems and to a more efficient distribution of high quality 
proteins for the entire world population has a key role. Europe has a protein deficit that should be increased 
by production of plant- rather than animal-based proteins as the latter leave a large carbon foot-print [17].  
There has been an increasing demand for sustainable and alternative protein sources, such as vegetables 
(beans, peas, broad beans, lentils, etc). According to Henchion et al. [24] there has been an increased 
demand for animal-based protein in particular which was expected to have negative environmental impact, 
generating greenhouse gas emissions, requiring more water and more land. Different vegetable protein 
sources make a positive contribution to the environment and climate change. If the nitrogen-binding 
properties of legumes are used differently, they require 30-70% less synthetic fertilizer, furthermore 
increase soil strength and have a beneficial effect on soil. It is also known that due to nutrient 
transformation losses, for the production of 1 kg of animal protein min. 6-16 times more hectares of arable 
land are needed. In addition, the carbon footprint of the production of foods of animal origin, especially 
beef-based food, is about 10- times that of plant-based foods. Henchion et al.’s research [25] emphasizes 
the role of livestock as part of the solution to greenhouse gas emissions, and indicates that animal-based 
protein has an important role as part of a sustainable diet and as a contributor to food security.  
Plant-based foods have lower greenhouse gas emissions and tend to be less resource-intensive and 
environmentally destructive than animal husbandry. In addition, vegetable proteins reduce the risk of 
spreading diseases [26]. Besides plant-based protein source, there is greater focus on identifying less 
expensive and less resource-intensive alternatives, including non-GMO options, which yield proteins 
without the use of extensive heat, solvents and harmful chemicals.  
It is worth to mention that other alternative protein sources nowdays in attention as sustainable protein 
sources: single-cell proteins from microorganisms (microalgae, yeasts, filamentous fungi, bacteria), 
seaweeds in saltwater, duckweed species on the freshwater surface and various insect species from 
different stages of their development. The protein content of each source can vary significantly, depending 
on the species and cultivation technology and nutrient supply. Novel proteins require the development of 
new value chains, and attention to issues such as production costs, food safety, scalability and consumer 
acceptance [24]. 
The European food consumption structure characterized by 59% of the daily protein intake is originated 
from animal protein sources (meat, fish, milk) and only 41% is from plant-based proteins. More than 50% 
of the latter is wheat protein, while the intake of legumes (including soy protein) is only 3%. As a result, 






some cereals (wheat, corn, rice) may have become staple foods, leading to geographical homogeneity of 
foods, dietary homogeneity, and nutritional imbalances, increasing micronutrient deficiencies, overweight, 
and pathological obesity, as well as the risk of NCDs (Non-Communicable Diseases), including 
cardiovascular disease, stroke, cancer, and diabetes [27]. 
Based on all this, it is becoming increasingly important to map and study plant and other alternative protein 
sources that can contribute to meeting the protein needs of an increasing number of humanity and to 
addressing their unbalanced nutritional status. 
More recently, insects have been identified as an alternative source of protein for the Western world [28] 
supported by the European Commission. Insects as food and feed are receiving much attention lately. The 
academic interest of using insects as food or feed is exponentially increasing. This is exemplified by the 
increasing numbers of scientific publications and private enterprises engaged in producing insect products 
[28]. Significantly, they argue that insects do not compete for land, require less water and emit lower levels 
of greenhouse gases and NH3 than regular livestock. They can be reared on organic side-streams thus 
creating value from and reducing waste products [29]. Many insects also have a favourable nutritional 
profile for humans, with most being highly digestible (77–98%), high in protein (crude protein 40–75% on 
a dry weight basis) [30] and a good source of essential amino acids, high in vitamins B1, B2 and B3 and the 
minerals iron and zinc [31].  
On the basis of processed articles we can confirm that Hypothesis 2 H0 is accepted. Insects can be an 
alternative source for humans in the future, with less environmental impact. 
 
2.4. Evaluation sustainability for food processing technologies (LCA method) 
There are several tools and methods for evaluating sustainability for food processing technologies in order 
to source food ingredients produced by best practice, reducing food loss in the processing line. Meynard 
and co-workers [32] offered that the improvement of technology in the food process is a possible option to 
reduce sustainability footprint. Woodhouse and co-workers [33] introduced a tool of a qualitative 
sustainability checklist, based on Life Cycle Assessment (LCA) theory. LCA is a standardized 
methodology, the most recognised environmental assessment method, which allows quantifying the 
environmental impacts of a product, a process or a service along its whole life cycle. The approach is 
widely used for food production systems [34]. Woodhouse and co-workers’ article was a pioneer research 
study from the aspect of using qualitative sustainability checklist for food processing development. Their 
publication was structured to cover the three pillars of sustainability: environmental, social and economic, 
all in a life cycle approach. Silva and Sanjuán [35] also highlighted the importance of applying LCA in 
food processing. The authors attempted to examine - through case studies - the technological developments 
from some methodological aspects in food processing. According to them, the improvement made in food 
processing in the last decades, are under two axes: plurality (conventional technologies co-existing with 
new alternatives) and sustainability (jointly with efficiency, quality and safety). LCA was recognised to be 
a powerful method permitting the assessment of the environmental load of food products throughout their 
entire life cycle, confirmed by a high number of scientific studies published. Silva and Sanjuán [35] 
classified the examined LCA studies, in their systematic literature review of LCA in alternative food 
processing technologies publication, into two main types of LCA, namely attributional and consequential. 
While most of the LCA studies apply an attributional perspective (A-LCA), with reference to a steady state 
of the internal flows of a specific production system, the consequential LCA (C-LCA) aims to evaluate the 
environmental consequences of a decision, quantifying the indirect effects of the decision. According to 
Huit [25] a life cycle assessment is a widely accepted method to quantify greenhouse gas (GHG) 
emissions, and other environmental parameters, such as land or fossil energy use. Parameters are then 
quantified along the entire life cycle of a product. This is called an attributional life cycle analysis. Insects-
based protein source determination, referring to section 2.3 is also using a life cycle analysis approach, 






research revealed that mealworm had lower greenhouse gas emissions, and used less land and water than 
common production animals [36] [37]. 
 
Another approach by Stone and co-workers [22] seeks to extend LCA principles of measuring the 
environmental life cycle impact of a product to include impacts on people and prosperity, which brings 
LCA in line with the Brundtland Report [1987]. The authors pointed out that there are several publications 
in which LCA tenets had been applied to selection of food waste valorisation strategies, such as explore the 
suitability of vegetable waste produced by food industry for use as animal feed. 
 
2.5. Transition towards sustainability through information and communication technologies 
Food sustainability transition refers to transformation processes to move towards sustainable food system 
[38]. One of the most important ongoing transformation processes is digitalization. The authors explored 
the contribution of information and communication technologies (ICTs) to transition towards sustainability 
in food production by providing new ways of measuring impacts, communicating necessary changes and 
connecting food chain actors. The role of ICTs in increasing system efficiency is a central theme and has 
been used to improve resource efficiency and productivity in food systems.  
2.6. Methodology in the laboratory field 
2.6.1. The essential role of laboratory field in the support of food industry 
Food laboratories have high responsibilities for ingredients compliance in analytical method process for 
sustainable food products as well as the evaluation of the environmental impact might caused by the raw 
material used in the production. Secchi et al. [39] review in their survey that R&D acitivities in the field of 
food and pharmaceutical ingredients have been focusing on sustainable environmental development of the 
final products. The study reveals that food and pharmaceutical ingredients producers’ activities have 
significantly more environmental impacts than basic chemical production in a kilogram-per-kilogram basis.  
2.6.2. Analytical laboratory instruments and measurements in food industry 
ÉMI-TÜV SÜD has decades of analytical experience in the food industry. The services are in full 
compliance with the requirements of the Hungarian National Food Standards – Codex Alimentarius 
Hungaricus and the applicable legal regulations. The services are based on laboratory tests, which are 
performed in a laboratory equipped with modern methods and instrumentation. The laboratory also acts as 
the TÜV SÜD Group's competence center in Central and Eastern Europe. The experienced experts perform 
the tests in a laboratory accredited according to the MSZ EN ISO / IEC 17025: 2005 standard. 
Multinational food companies have their own research laboratories, while smaller companies from the 
small and medium-sized enterprises sector (SME) either having smaller laboratories, not so well equipped, 
with some basic, general laboratory devices, or outsourcing their analytical measurements to contract 
laboratories. Several private as well as governmental research laboraties (in Hungary: Balint Analitika, 
Wessling Hungary, part of the Wessling-Group, SGS Hungaria Kft. National Food Chain Safety Office 
(NÉBIH) has an extensive laboratory network) are responsible for carrying out external contractual 
measurements or executing research activities having less negative environmental impact, more safety for 
humans, less damage to the environment, revealed by the authors through deep interviews carried out by 
laboratory managers. 
Laboratory measurements can be classified according to the type of examination: 
 chemical measurements; 
 physical tests 
 microbiology measurements; 






 stability measurements; 
 allergen measurements; 
 organoleptic tests. 
In order to determine protein analysis methods (quantitative, qualitative, structure and molecular weight) 
different types of laboratory instruments are needed. In Tab 1 all analytical instruments and the different 
methods are gathered to demonstrate the analyses of direct and indirect protein determination and 
extraction. Amino acid analysis is one of the analytical principles for protein determination [41]. The 
second most frequently used methods for food protein determination are based on analysis of the total 
nitrogen content in the samples, such methods are the Dumas method and the Kjeldahl method. The third 
common analytical technique for protein analysis is spectrophotometry [42]. 
 
Table 1. Analysis Methods in protein determination 
Protein Analysis Methods 
















Isoelectric focusing Small X-ray scattering  





 HPLC   
 LC/MS   
 
Tab. 1 shows the importance as well as the wide range of equipments in research laboratories for an 
efficient analytical methodology of protein determination in the food industry. 
Hypothesis 4. clearly determines the acceptance of the null hypothesis in Chapter 2.3., due to growing 
population, the number of laboratories as well as the demand for protein sources in food industry are 
intensively increasing. The trend seems to be consequent. 
2.6.2 Comparative ratio figures for the food industry 
Determining the distribution ratio for the recent food industry market size for natural, organic versus 
conventional food products as well as the alternative protein source examination, and further the number of 
analytical laboratory equipments for food products measurements as well as R&D activities the following 
comparative figures are proposed: 
 
C(o)  =  
 Organic food products
Total food products
· 100 (%) 
C(ℎ)  =  
Hypoallergen products
Total food products
· 100 (%) 
 






C (o) and C(h) ratios define the market presence in percentage of organic and hypoallergen food products. 
 
C(p, p)  =  
Plant − based protein source
Total protein source
· 100 (%) 
C(p, i)  =  
Insects − based protein source
Total protein source
· 100 (%) 
C (p,p) and C(p,i) ratios examine the alternative protein source possibilities for the fast growing world 
population. 
 
C(lab)  =  
Laboratory equipments for food measurements
Total laboratory eqipments
· 100 (%) 
 
C(research)  =  
R&Đ in food industry field
Total R&Đ
· 100 (%) 
C(lab) and C(research) ratios determine the growing importance of research activities in food industry by 
the increasing number of laboratories, supporting the production of organic as well as food waste and by-
product in food production. 
 
3. FUTURE OUTLOOK: AWARENESS AND SOLUTIONS 
Food systems need a radical transformation to become sustainable. Reviewing a great body of scientific 
publications on food production sustainability contrasting different technologies, it can be determined that 
the technological approach plays an important role in the challenge of seeking the environmental 
sustainability of food processing [35]. There is an urgent need for a change of global food and agriculture 
systems in order to sustainably increase food production, in view of today's 795 million hungry and the 
additional 2 billion people expected by 2050 [43]. According to Jagustovica et al. [14] climate-smart-
agriculture (CSA) is seen as a relevant solution for tackling sustainable increases in food production. CSA 
integrates the social, economic and environmental dimension of food production and aims to 
simultaneously achieve the triple goals of  
a) ensuring food security through a sustainable increase in productivity and income  
b) adapting to climate change  
c) reducing greenhouse gas emissions.  
New technologies, as better alternatives than conventional methods, improve quality attributes as well as 
shelf life, contribute to resource savings and also to decreasing energy consumptions [14] [16]. New 
technologies do not always imply an environmental improvement and reducing the environmental impact 
does not necessarily imply changing the technological base (which implicitly entails the need for large 
capital investments [35]. El Bilali and Sadegh Allahyari [38] denoted that ICTs can contribute to food 
sustainability transition by providing new ways of measuring impacts, communicating necessary changes 
and connecting food chain actors. Actions in policy, science and innovation are necessary to encourage the 
development of affordable, locally appropriate, and sustainable ICT infrastructure and applications.  
Following examination and careful consideration of the set hypothesis the results give a clear indication on 
the food industry trends concerning several aspects. The results of the set hypothesis show a reflection 
towards problematic field of food market to be solved, such as carrying out complex survey on alternative 
protein sources by the ever growing number of population, concerning sustainable environment as well as 
human safety. The introduced comparative ratio figures for the food industry in Section 2.8.3 could be 












Especially in the last century the intensive and uncontrolled food production caused serious damages in the 
environment, but the processed publications in current work present many new endeavours concerning 
food production towards sustainability taking into account the perspective of the three main indicators of 
sustainability, such as economic, social and environmental. However, there are still much more 
improvements as well as researches to be left for a more sustainable way of food production. Therefore 
sustainable food industry deserves to get prime attention. The change has begun on both the producers and 
consumers side although financial support and tender opportunities can be help of food manufacturers to 
follow sustainability during production. There are also several new directions to be found in processing 
waste food and by-product which leads to less environmental loading, as well as taking into consideration 
the fast growing population, new approaches are found for alternative protein sources with less footprint, 
such as insects-based sources. However this new sector is still in starting phrase, with new emerging 
investment thrive by innovations [44]. As well, analytical laboratories play key role in regard of new 
research technology for analytical methods in the food production procedure. The authors introduced the 
range of laboratory instruments for protein analysis, which is one of the main research directions in the 
food industry today. Yet, numerous studies show that each new research of organic components in food 
industry towards sustainable production has to be evaluated from all aspects of any environmental, social 
and economic impacts. Therefore, more complex laboratory researches must be carried out in the future in 
order to assist sustainable food innovation on a higher level align with more sophisticated laboratory 
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EFFECT OF SHORT TERM STORAGE ON WHEAT QUALITY PARAMETERS 
 
Ernő Gyimes, Dóra Csercsics, Zoltán Magyar 




Eleven samples of registered wheat varieties of bread with diverse technological qualities were used in this 
study. The samples were devided into two groups. The first group including all the 11 variety were stored for 3 
months, while the second group of the samples were stored for 9 months at an ambient temperature. The results 
of quality evaluation showed that 5 soft wheat varieties (GK Csongrád, GK Garaboly, GK Hattyú, GK Holló, 
GK Nap) and  6 hard wheat varieties (GK Ati, GK Békés, GK Élet, GK Kalász, GK Petúr, GK Verecke) were 
involved in the study. Further, the flour yield, the gluten index and the water absorbance capacity has 
significantly decreased after 9 months storage time when compared to 3 months storage interval.  
Keywords: wheat quality, Hungarian wheat varieties, short term storage 
1. INTRODUCTION 
The wheat is the most valuable cereal. It is grown in 240-250 m acre all over the world [1], [2]. Cereal grains and 
wheat in particular, are among the most important crops globally [3]. The quality of wheat is of primary 
importance, since it determines the excellence of the products processed from it. The different consumption 
habits do require diverse quality, and thus the quality behaviour must be permanent. To maintain this 
permanency in biological system is far too difficult, since different conditions, i.e. the agricultural land use, the 
wheather, etc. have all significant role in variance of quality factors. Körmöczi et al. genetically analysed the 
wheat species, to improve further the crop quality and quantity [4]. Very important parameter of wheat kernel is 
the hardness of the kernel. It determines the consumption and the parameters of the technology especially that 
the hardness of the kernel changes as a result of debranning [5]. In Hungary wheat is usually not processed after 
harvesting, but it is stored for short term. Storage in this sense is of primary importance, since its aim is to keep 
the quality of the cereals. 
There is a requirement to ensure the organoleptic quality of crops to ensure good commercial returns and safety 
of the product [6]. Wheat produces different volatiles with changing storage time. Grain quality maintenance has 
traditionally been the responsibility of grain storekeepers who rely on measurements of grain or its milled 
products and on implicit knowledge gained through scientific results, common sense and job experience. The 
wheat grist is changing during the storage [7]. The quality of the grain is significantly affected by the kernel 
hardness already mentioned. In this way, wheat varieties can be classified into several groups [8]. It has a good 
adaptability, and it has a lot of variety, and the demand of these varieties is widespread. The consumer demand is 
high for cereals, since it is widely used in different food industry sectors such as the confectionary or the baking 
industry. The wheat flour is an excellent base for bakery products and offers many new developments (for 
example: fiber-enriched products) [9]. The wheat is good feedstock also, and these secondary products have high 
value, due to the fact that wheat bran contains significant amount of protein, the wheat bran contains a lot of 
protein. The straw is a good litter. [10], [11]. 
The storage of the cereals is a very complex task, because in this early stage it is an active material, it has not 
reached the full ripening stage, but it can be infected by microorganisms, by insects or murine infection if nt 
properly handled. To maintain grain quality during storage, grain must be protected from the growth and 
reproduction of insects, mites and fungi [12], [13]. Young larvae of this species frequently feed on the germ of 
whole kernels and on fine material in the grain [14]. So to the professional storage, we have to know the biology, 
biochemical changes that may occur, and a state/of/art technology [15]. The tendency of the last time is to 
increase the size of the silos intended for storage of the wheat. Lukow and White [16] studied the changes of the 
milling and baking parameters of wheat produced in the USA. The storage of the wheat was also studied by 
Wilcke et al [17] during a 15 months time interval at temperatures in the range of –4°C and 25°C, and air 
humidity in the range of 28% and 73%.  
The wheat after the harvest is live; the manifestation of it is the organic content biochemical transformation. It 
depends of the moisture, the temperature, the health of the wheat, etc. The biochemical transformation causes 
some end-product. The enzyme activity causes the fermentation, alcohol and organic acid formation.  





 Criterion of wheat quality: 
 Problem of the storage and processing, depend on the raw material, economic process 
 The end-product reference specific 
The quality of the end-product, the appearance of the product, satisfy the consumer demand (generally and 
specifically) 
Hrušková and Machová [18] examined the sort term storage and its effect to the flour quality. The changes in the 
moisture contents depended on the short time storage conditions and had a different time course in the individual 
locations. Wet gluten content tended to decrease with time but the differences did not seem to be significant for 
the flour quality. 
The first aim of the storage is to keep the quality of the wheat [19], [20]. If the storage is safe, the wheat quality 
will be well maintained e.g. physical, chemical state, technological behaviours, nutritive, hygiene [21]. The 
quality of the wheat is determined by external and the internal component of the kernel. The internal component 
is the protein, starch, lipid, cellulose, minerals, etc. content. The dough properties also depend on the hardness of 
the wheat as published by Szabo [22]. The environmental effects determine the cultural plant quality, although 
the composition of wheat is determined by a genetic factor. 
2. MATERIALS AND METHODS  
In this study our aim was to investigate the short term storage on the wheat quality including 11 varieties. 
2.1. Materials  
Eleven different registered wheat varieties of bread with diverse technological qualities were used in this study. 
The samples were provided by the Cereal Research NPC, Szeged, in Hungary, and included the following 
varieties: 
 GK Garaboly 
 GK Békés 
 GK Kalász 
 GK Verecke 
 GK Holló 
 GK Ati 
 GK Petur 
 GK Nap 
 GK Élet 
 GK Csongrád 
 GK Hattyú 
The samples were harvested in two different seasons (Bem. 2. and Bem. 3.). The weather parameters was 
different in the harvest time. The samples of the 11 varieties were devided into two parts, the first part was stored 
for 3 months and examined afterwards (autumn research). The second part was stored for 9 months. The 
temperature of storage in both case was an ambient temperature. 
2.2. Methods  
Hardness index: Wast to test using Perten SKCS 4100 (Perten Instruments, Sprinfield, Illinois, USA). This 
machine reports the average force for crushing 300 kernels, in terms of a hardness index (HI).  
Milling test: Brabender ® Quadrumat ® Senior (Brabender GmbH & Co. KG, Duisburg, Germany) laboratory 
mill was used to determine the milling properties and the flour yield of the different types of wheat. 
Ash content: According to AACC methods using OH63 (Labor-MIM Budapest, Hungary) equipment 





Ash content refers to the mineral content of flour. It depends on many factors, such as the variety of wheat, the 
fertilization, the climate, etc. 
Gluten index: The gluten index (GI) was examined by Glutomatic 2200 (Perten Instruments AB Huddinge, 
Sweden) Dry gluten content was measured after drying with Glutork 2020 (Perten Instruments AB Huddinge, 
Sweden) automatic gluten dryer. 
Farinograph test: The farinograph determines dough and gluten properties of a flour sample by measuring the 
resistance of dough against the mixing action of blades. Absorption is the amount of water required to center the 
farinograph curve on the 500-Brabender unit line. We used the Brabender ® farinograph (Brabender  GmbH & 
Co. KG, Duisburg, Germany) 
Alveograph characteristics: Chopin Alveorgraph NG (CHOPIN Technologies, Villeneuve-la-Garenne Cedex, 
France ) the alveograph test were determined according to the EU-Standards. The alveograph determines the 
gluten strength of dough. It is measuring the force required to blow and break a bubble of dough. The results 
include P Value, L Value, P/L Value and W Value. 
Statistical analysis-Statistica 8.0 (StatSoft, Inc. Tulsa, USA) and Microsoft © Office 2003 Excel software for 
Windows were used to perform statistical analyses. The samples were tested for significance using analysis of 
variance techniques (ANOVA). Three effects were investigated; varieties, harvesting time (Bem 2. and Bem 3.) 
and storage effect (Autumn search and Spring search). A level of significance of p < 0.05 is used throughout the 
analysis. 
3. RESULTS AND DISCUSSION 
The physical, physicochemical and baking characteristics of the 11 varieties in spring and autumn research have 
been evaluated. Table 1 shows the results of the kernel parameters, Hardness Index and other technological traits 
of the wheat samples.   
 
Table 1. Selected technology parameters of the entries in the study 
Harvest 
time 






SKCS      
HI 
Bem.2. GK ATI Autumn search 3,11 5,81 2,85 39,70 78,77 78,68 





3,10 6,03 2,87 43,39 75,80 
49,54 





3,29 6,34 2,90 37,93 78,97 
49,15 
Bem.2. GK HATTYÚ Autumn search 3,52 6,40 2,88 44,70 77,43 32,56 
Bem.2. GK HOLLÓ Autumn search 3,19 6,03 2,70 37,70 77,42 44,29 
Bem.2. GK KALÁSZ Autumn search 3,39 6,56 2,83 41,99 76,77 70,21 
Bem.2. GK NAP Autumn search 3,58 6,38 3,02 39,08 81,52 46,58 
Bem.2. GK PETUR Autumn search 3,40 6,74 2,83 39,23 77,13 62,41 
Bem.2. GK VERECKE Autumn search 3,24 6,73 2,76 40,00 79,47 67,68 
Bem.3. GK ATI Autumn search 3,23 5,85 2,98 37,27 77,83 71,99 





3,12 6,04 2,85 36,51 74,42 41,39 





3,25 6,48 2,89 36,86 76,72 43,15 





Bem.3. GK HATTYÚ Autumn search 3,56 6,34 2,88 37,91 77,72 25,32 
Bem.3. GK HOLLÓ Autumn search 3,28 6,10 2,76 35,00 79,17 47,16 
Bem.3. GK KALÁSZ Autumn search 3,31 6,36 2,71 36,43 77,12 66,95 
Bem.3. GK PETUR Autumn search 3,29 6,51 2,76 38,06 75,93 58,21 
Bem.3. GK VERECKE Autumn search 3,29 6,47 2,79 41,22 77,60 62,40 
Bem.2. GK ATI Spring search 3,15 5,81 3,25 42,15 78,85 78,33 





3,15 5,98 2,92 43,25 75,73 
48,83 





3,32 6,33 3,04 41,51 79,00 
45,15 
Bem.2. GK HATTYÚ Spring search 3,52 6,26 2,92 32,31 77,63 31,97 
Bem.2. GK HOLLÓ Spring search 3,21 5,98 2,76 33,25 78,03 44,66 
Bem.2. GK KALÁSZ Spring search 3,49 6,55 2,94 44,79 76,90 71,61 
Bem.2. GK NAP Spring search 3,60 6,46 3,00 33,23 81,40 47,83 
Bem.2. GK PETUR Spring search 3,37 6,54 2,93 41,31 77,00 62,13 
Bem.2. GK VERECKE Spring search 3,30 6,48 2,78 44,39 79,00 66,66 
Bem.3. GK ATI Spring search 3,16 5,78 2,96 41,19 77,85 72,71 





3,07 6,03 2,84 42,53 74,70 42,74 





3,26 6,28 2,99 34,74 77,28 43,81 
Bem.3. GK HATTYÚ Spring search 3,42 6,12 2,86 34,09 77,60 25,68 
Bem.3. GK HOLLÓ Spring search 3,13 5,96 2,66 39,26 79,13 48,54 
Bem.3. GK KALÁSZ Spring search 3,48 6,55 2,86 34,68 77,18 64,18 
Bem.3. GK PETUR Spring search 3,20 6,47 2,75 41,52 75,50 57,63 
Bem.3. GK VERECKE Spring search 3,25 6,56 2,73 38,51 77,45 63,22 
 
The Hardness Index of the examined samples did vary as Figure 1 also shows it. The SKCS 4100 classifies the 
results in two groups. Under 50, the wheat samples belong to Soft Wheat-, while samples above values 50 
considered as Hard Wheat category. In our study we had 5 soft wheat varieties (GK Csongrád, GK Garaboly, 
GK Hattyú, GK Holló, GK Nap) and we had 6 hard wheat varieties (GK Ati, GK Békés, GK Élet, GK Kalász, 
GK Petúr, GK Verecke). 
 






Figure 1. The Hardness Index of the varieties 
Table 2 shows the results of the flour yield, ash content and other technological traits of the wheat samples.   
Table 2. Selected technology parameters of the entries in the study 
Harvest 
time 





















Bem.2. GK ATI Autumn search 72,19 0,68 83 35,38 12,26 2,89 0,9 





70,55 0,68 76 33,53 11,47 2,92 1,8 





69,06 0,52 65 30,63 10,65 2,88 2,0 
Bem.2. GK HATTYÚ Autumn search 67,32 0,49 80 28,53 9,83 2,90 0,8 
Bem.2. GK HOLLÓ Autumn search 63,33 0,52 74 30,34 10,13 3,00 1,5 
Bem.2. GK KALÁSZ Autumn search 66,89 0,62 91 32,67 11,50 2,84 0,5 
Bem.2. GK NAP Autumn search 70,91 0,51 71 32,26 11,18 2,89 1,9 
Bem.2. GK PETUR Autumn search 76,43 0,52 98 29,98 10,59 2,83 0,8 
Bem.2. GK VERECKE Autumn search 75,89 0,53 98 26,31 9,33 2,82 0,5 
Bem.3. GK ATI Autumn search 75,86 0,66 56 35,11 12,31 2,85 2,0 





68,60 0,63 68 32,95 11,32 2,91 1,6 





69,74 0,53 61 30,49 10,58 2,88 2,3 
Bem.3. GK HATTYÚ Autumn search 67,56 0,48 67 28,34 9,82 2,89 0,8 
Bem.3. GK HOLLÓ Autumn search 68,73 0,61 60 31,68 10,74 2,95 2,5 





Bem.3. GK KALÁSZ Autumn search 77,29 0,74 93 32,94 11,61 2,84 0,8 
Bem.3. GK PETUR Autumn search 75,24 0,59 95 30,47 10,72 2,84 1,1 
Bem.3. GK VERECKE Autumn search 76,89 0,56 96 26,01 9,26 2,81 0,8 
Bem.2. GK ATI Spring search 67,86 0,60 67 35,64 12,56 2,84 1,4 





61,60 0,50 53 32,19 11,16 2,88 2,4 





64,77 0,49 45 29,86 10,50 2,84 1,9 
Bem.2. GK HATTYÚ Spring search 66,85 0,46 64 26,33 9,27 2,84 0,9 
Bem.2. GK HOLLÓ Spring search 62,16 0,49 70 30,53 10,42 2,93 1,6 
Bem.2. GK KALÁSZ Spring search 68,39 0,55 83 32,98 11,50 2,87 1,1 
Bem.2. GK NAP Spring search 63,75 0,46 75 30,83 10,88 2,83 1,5 
Bem.2. GK PETUR Spring search 70,05 0,51 87 30,03 10,57 2,84 1,1 
Bem.2. GK VERECKE Spring search 71,66 0,48 93 26,86 9,52 2,82 0,8 
Bem.3. GK ATI Spring search 71,51 0,58 73 35,70 12,51 2,85 1,8 





63,09 0,55 54 32,53 11,14 2,92 2,1 





65,59 0,49 54 29,41 10,32 2,85 2,4 
Bem.3. GK HATTYÚ Spring search 65,34 0,43 69 27,54 9,47 2,91 1,1 
Bem.3. GK HOLLÓ Spring search 62,65 0,47 55 30,67 10,42 2,94 2,8 
Bem.3. GK KALÁSZ Spring search 70,27 0,58 87 34,02 11,91 2,86 0,6 
Bem.3. GK PETUR Spring search 70,03 0,47 95 29,67 10,52 2,82 0,9 
Bem.3. GK VERECKE Spring search 73,01 0,49 97 25,56 9,03 2,83 0,5 
 
Table 3 shows the results of the alveographic values and falling numbers of the wheat samples. The alveograph 
characteristics of wheat flour showed that the maximum over pressure (P), a measure of dough elasticity, varied 
from 54.34 to 125.84 mm in the autumn research, and from 58.3 to 136.4 mm in the spring research. The average 
abscissa at rupture (L), which is a measure of dough extensibility, ranged from 103 to 140 mm in the autumn 
research, and 81.5 to 146 mm in spring research. The values for curve configuration ratio, indicating the ratio of 
elasticity to extensibility of the dough varied between 0.351 and 1.126 in the autumn samples, and 0.47 to 1.67 
in the spring samples. The values for deformation energy of dough (W) representing the energy necessary to 
inflate the dough bubble to the point of rupture ranged from 188.3 to 453.1 × 10−4 J in autumn research, and 
209.7 to 475.7 × 10−4 J in spring samples. 
Falling number gives an indication of the amount of sprout damage that has occurred within a wheat sample. 
Sprouting can affect food made from wheat in many ways. It can reduce mixing strength, cause sticky dough, 
and affect loaf volume and shelf life. In pasta, sprouting can reduce shelf life, increase cooking loss, and produce 
softer cooked pasta. Generally, a falling number value of 350 seconds or longer indicates low enzyme activity 
and very sound wheat. As the amount of enzyme activity increases, the falling number decreases.  Values below 
200 seconds indicate high levels of enzyme activity. The wheat samples showed a falling number between 320 
and 453 s for the autumn research, and between 321 and 448 s for the spring research, respectively. 
According to these characteristics, flours were all within a range of excellent bread making potential (P/L value 
between 0.5-0.9 and W > 200) or suitable for bread and baking flours (P/L value between 0.4-0.9 and W value 
between 170-310. Based on the falling number values, the 11 wheat variety both in the autumn and spring 
research showed low enzyme activity. 
 
 





Table 3. Selected technology parameters of the entries in the study 
Harvest 
time 
Variety   P (mm) L (mm) P/L 







Bem.2. GK ATI Autumn search 90,09 131,50 0,685 385,9 361 
Bem.2. GK BÉKÉS Autumn search 125,84 103,50 1,216 443,4 442 
Bem.2. GK CSONGRÁD Autumn search 83,49 124,50 0,671 258,3 394 
Bem.2. GK ÉLET Autumn search 113,63 103,00 1,103 378,1 433 
Bem.2. GK GARABOLY Autumn search 69,41 125,50 0,553 234,0 348 
Bem.2. GK HATTYÚ Autumn search 55,69 114,00 0,489 194,2 320 
Bem.2. GK HOLLÓ Autumn search 75,57 126,00 0,600 241,5 396 
Bem.2. GK KALÁSZ Autumn search 119,90 106,50 1,126 453,1 406 
Bem.2. GK NAP Autumn search 68,75 125,00 0,550 254,3 352 
Bem.2. GK PETUR Autumn search 61,60 140,00 0,440 256,1 381 
Bem.2. GK VERECKE Autumn search 84,26 117,00 0,720 311,8 417 
Bem.3. GK ATI Autumn search 79,31 117,00 0,678 272,0 372 
Bem.3. GK BÉKÉS Autumn search 112,31 111,50 1,007 401,5 437 
Bem.3. GK CSONGRÁD Autumn search 77,00 127,00 0,606 240,7 432 
Bem.3. GK ÉLET Autumn search 103,40 106,50 0,971 359,6 449 
Bem.3. GK GARABOLY Autumn search 65,67 124,00 0,530 222,8 322 
Bem.3. GK HATTYÚ Autumn search 54,34 115,00 0,473 194,1 338 
Bem.3. GK HOLLÓ Autumn search 69,08 116,00 0,596 188,3 409 
Bem.3. GK KALÁSZ Autumn search 111,10 111,00 1,001 415,1 453 
Bem.3. GK PETUR Autumn search 56,65 161,50 0,351 284,8 394 
Bem.3. GK VERECKE Autumn search 74,36 117,00 0,636 265,1 450 
Bem.2. GK ATI Spring search 95,5 115,5 0,83 383,7 369 
Bem.2. GK BÉKÉS Spring search 133,8 95,5 1,40 443,2 443 
Bem.2. GK CSONGRÁD Spring search 83,2 116,5 0,71 264,2 381 
Bem.2. GK ÉLET Spring search 119,9 93,0 1,29 393,7 422 
Bem.2. GK GARABOLY Spring search 65,1 107,5 0,61 209,7 321 
Bem.2. GK HATTYÚ Spring search 60,1 109,0 0,55 213,9 338 
Bem.2. GK HOLLÓ Spring search 85,8 111,0 0,77 267,2 365 
Bem.2. GK KALÁSZ Spring search 135,1 94,0 1,44 475,7 421 
Bem.2. GK NAP Spring search 73,5 119,0 0,62 266,2 354 
Bem.2. GK PETUR Spring search 68,4 146,0 0,47 305,5 391 
Bem.2. GK VERECKE Spring search 97,0 101,5 0,96 333,0 411 
Bem.3. GK ATI Spring search 100,1 100,5 1,00 342,7 371 
Bem.3. GK BÉKÉS Spring search 136,4 93,0 1,47 445,0 448 
Bem.3. GK CSONGRÁD Spring search 91,3 107,0 0,85 260,4 382 
Bem.3. GK ÉLET Spring search 129,3 82,5 1,57 370,2 427 
Bem.3. GK GARABOLY Spring search 76,1 90,5 0,84 213,9 357 
Bem.3. GK HATTYÚ Spring search 58,3 117,0 0,50 220,0 306 
Bem.3. GK HOLLÓ Spring search 79,5 102,0 0,78 227,5 354 
Bem.3. GK KALÁSZ Spring search 136,4 81,5 1,67 438,8 442 
Bem.3. GK PETUR Spring search 74,5 128,0 0,58 317,9 377 
Bem.3. GK VERECKE Spring search 90,6 104,0 0,87 315,2 398 






The wheat was tested for significance using analysis of variance techniques (ANOVA). 
 
Table 4. Results of analysis of variance (level of significance of p < 0.05) 
Methods Connection  
Flour Yield S. ↓ 
Flour Ash S. ↓ 
Gluten Index S. ↓ 
Wet Gluten N.S. ↓ 
Dry Gluten N.S. ↓ 
Gluten Ratio N.S. ↓ 
Gluten Flattering N.S. ↑ 
Falling Number N.S. ↓ 
Water Absorption Capacity S. ↓ 
Value Number S. ↑ 
P S. ↑ 
L S. ↑ 
P/L S. ↑ 
W S. ↑ 
S.- Significant 
N.S.- Non Significant 
 
Figure 2 shown that the flour yield is decreased, the statistical behaviour show it.  
 
The gluten index is very important parameter behaviour of the flour; its value is a criteria defining whether the 
gluten quality is weak, strong or normal. The Gluten Index Method can be used for detection of heat and insect 
damage. Excessive heating will cause protein denaturation and decrease the wet glutein/protein ratio or destroy 
the ability to form gluten. Insects that damage wheat produce an enzyme that weakens the gluten bonds. During 
the storage, it is decreased (4 %). 
 
 
Figure. 2. Flour yield at a confidence interval of 0,95 
 
 






Figure. 3. Gluten index at a confidence interval of 0,95 
 
The water absorption capacity is decreased during the short time storage (Figure 4.) 
 
 





























Figure. 6. W value of alveograph confidence interval







Eleven different Hungarian wheat varieties were examined in our study. The physical properties and the 
flour quality were analyzed. The physical behaviour has not changed during storage either for 3 months or 
9 months.  
The hardness index average was 73.18 of the Bem. 2. in the autumn research, and 72.49 in the spring 
research. The hardness index average was 67.19 of the Bem. 3. in the autumn research and 67.96 in the 
spring research. 
The flour yield has decreased by 4% in average. The Bem. 2. had 74.04 % flour yield in the autumn 
research, and 69,76 % in spring research. The Bem. 3. had 76.37 % flour yield in the autumn research, and 
72.26 % in spring research.    
The gluten index showed a similar trend, the Bem. 2. had 90.5 % gluten index in the autumn research, and 
80 % in spring research. How about the Bem. 3. 
The water absorption capacity has also decreased significantly during the investigated time interval. 
The test by the alveograph have shown that the W value has increased significantly. The W value was 
348.85 of the Bem. 2. in the autumn research, and 358.35 in spring research. The W value was 268.55 of 
the Bem. 3. in the autumn research, and 328.95 in spring research.  
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ABSTRACT 
Nowadays, the development of rapid and non-destructive measurement methods have high importance. 
The dielectric measurement is a promising technique to detect the chemical and physicho-chemical change 
of different materials. The dielectric behavior of pure water is widely investigated for decades, but there is 
very few information available related to the dielectric parameters of wastewater. Our study aims to 
investigate the applicability of dielectric measurements for the detection of the change of biodegradability 
of wastewater. In the experiments the change of organic matter solubility and biodegradability of sugar 
beet processing wastewater, meat processing wastewater, dairy industry wastewater and municipal 
wastewater was examined. Our results show that dielectric constant - measured at the frequency of 2400 
MHz - has a strong linear correlation with the soluble chemical oxygen demand (SCOD), which makes 
possible the fast detection of disintegration efficiency of different wastewater and sludge treatment 
processes, or the organic matter removal efficiency of wastewater purification technologies. Furthermore, 
our results verified that the change of aerobic biodegradability (expressed in BOD5/SCOD ratio) show also 
good linear correlation with the dielectric constant. These preliminary results enable to develop a dielectric 
behavior based detection method for the estimation of the efficiency of wastewater treatment processes. 
Keywords: dielectric measurements, wastewater, biodegradability, solubility 
1. INTRODUCTION  
A dielectric material is a non-conducting material which stores electrical charges. In order to characterize 
how a certain dielectric material behaves when placed in an electromagnetic field, it is necessary to know 
the so-called dielectric properties of it. These properties can offer information about the occurring 
interaction between the material and the electromagnetic field itself [1]. Dielectric behavior of materials is 
influenced by the frequency, temperature and the physicochemical structure of the materials. 
One of the most important properties is the relative permittivity, which primarily describes those features 
that affect the reflection of electromagnetic waves on the boundary surface of the material, and the 
energetic loss that happens when the wave is absorbed inside the material. The relative complex 
permittivity can be calculated as follows: 
 
𝜀 = 𝜀′ − 𝑗𝜀" (1) 
 
In the equation 𝜀𝑟
′  represents the dielectric constant, 𝜀𝑟
"  is the dielectric loss factor, and j is the imaginary 
unit.  
The dielectric constant describes the energy-absorbing ability of a given dielectric material when put in an 
electromagnetic field, and affects the phase of the wave that goes inside and/or through the material. The 
dielectric constant can be calculated as the product of free space permittivity and the relative permittivity:  
 
𝜀′ = 𝜀0 ∙ 𝜀𝑟
′  (2) 
 
 The dielectric loss factor (𝜀") is a measure of the loss of energy in a dielectric material due to conduction, 
slow polarization currents, heat-transformation and other dissipative phenomena. 






As mentioned earlier, a dielectric material is a solid, liquid or gaseous material that behaves as a non-
conductor in terms of electricity, i.e. contains no free charges. The bound charges in a material can be 
presented in two different orientations: sphere-symmetric and dipole-like. In a sphere-symmetric 
orientation, the electric field only occurs inside the atoms/molecules, but not in the 
interatomic/intermolecular field. During dipole-orientation, the center point of the two different charges 
does not overlap, therefore the electric field is presented between the molecules too – however, it is not 
lasting, i.e. the undisposed molecular diploes cancels each other’s electric field out.  
The field-strength of the electric field that comes off inside the material is weaker than the strength of the 
electromagnetic field that covers it, because the direction of the diploe’s electric field inside the material is 
the exact opposite than that of the covering electromagnetic field. Therefore a dielectric material weakens 
the field-strength of the electromagnetic field that it is placed in, according to Eq2.  
Since at a given frequency, most of the dielectric parameters depend on the temperature and 
physicochemical structure of the material, the measurement of these properties can be used to detect certain 
physical and chemical changes inside the material [2].  
Applicability of dielectric measurement covers lot of different materials: starting from ingredients of food 
(and food itself) in order to detect change in their structure, it can also be used in wastewater treatment as 
an example. In a 2012 study it has been shown however that dielectric properties vary significantly with 
moisture/solid-content ratio and with frequency, therefore for proper result, these factors should be taken 
into account. [3]  
Dielectric measurements can be applied in various industries as well – in foresting they are used to identify 
how much moisture is contained in wood and paper, while in mining, it is used to analyze the content of 
oil. [4]. It can be also used to estimate the permittivity of coal and limestone as well [5]. The dielectric 
parameters govern the microwave energy absorption into the materials. If materials have a dielectric loss 
factor below 0.01 high energy needed for heating. In general, the high frequency electromagnetic filed is 
suitable for lower penetration depth, therefore industry scale microwave equipment operate at lower 
frequency (915 MHz) to achieve higher penetration depth and higher energy absorption in continuously 
flow operation and/or solid materials with higher geometric dimensions (above 10 cm). It is verified, that 
in capillary-porous structured materials, such as food and raw materials of food processing, higher energy 
in needed to evaporate the bounded water than that of needed for free water in capillaries. The porosity of 
granulated materials and particles, furthermore the fiber orientation has also effect on the heating efficiency 
[6].  
Dielectric measurements are suitable to detect enzymatic and chemical reactions, as well. Depending on 
the frequency range of dielectric parameters, the non-enzymatic browning reactions [7] and organic matter 
removal efficiencies of wastewater treatment processes [8] are also detectable.  
Our research focused on the investigation of the correlation between the change of biodegradability 
indicators of wastewater and the dielectric parameters measured at the frequency range of 200-2400 MHz. 
The main aim of the research is to develop rapid and non-destructive measurement technique to detect the 
change of organic matter solubilization, disintegration degree and biodegradability which is suitable to 
estimate the efficiency of different pre-treatment process before wastewater and sludge utilization 
technologies.  
2.  MATERIALS AND METHODS 
For the dielectric measurements municipal wastewater (MUWW), dairy industry wastewater (DWW), meat 
processing wastewater (MPWW) and sugar beet processing wastewater (SCWW) was used.  
The wastewater samples were pre-treated by microwave irradiation at power intensity of 1.5-5 W/mL, for 
irradiation time of 5-30 minutes to achieve higher organic matter solubility and biodegradability.  






The soluble chemical oxygen demand (SCOD) was determined by colorimetric method (Hanna MR/HR 
COD cuvettes, PC Checkit photometer, after 15 minutes thermodigestion at 180°C), after centrifugation 
(RCF=6000 for 10 minutes) and filtration (0.45 m pore sized PTFE disc filter).  
The 5 days biochemical oxygen demand (BOD5) was measured by respirometric method in BOD Oxidirect 
unit at 20°C using BOD Seed as inoculum. For the dielectric measurements a ZVL3 vector network 
analyser (Rohde&Schwarz) equipped by a DAK3.5 (Speag) dielectric sensor was used in a frequency range 
of 200 -2400 MHz [8].  
3. RESULTS AND DISCUSSION 
The aim of our research was to investigate the correlation between the dielectric parameters and 
biodegradability indicators. The solubility of organic matters expressed in SCOD is an indirect parameter 
to quantify the availability of organic substrate for microbial degradation.  
In our experiments the change of SCOD was induced by treatment of microwave irradiation. The dielectric 
measurements were carried out for samples which are cooled to temperature of 20°C. Our results show that 
microwave irradiation was suitable to increase the organic matter solubility.  
Results of dielectric measurements show that the dielectric constant at the frequency of 2400 MHz has a 
good linear correlation with the SCOD (Figure 1).  
 
 
Figure 1. The correlation between SCOD and dielectric constant (f = 2400 MHz, temperature of 20°C) 
Microwave irradiation has a strong disintegration effect on solid phase of wastewater (particles), and the 
macromolecular components are partially degraded due to the thermal effect of microwave irradiation. 
These effects are manifested in higher organic matter solubility. With the decreasing of molecular weight 
of wastewater components, and the disintegration of particles the polarization ability of electromagnetic 
field is improved, which can be detectable by the change of dielectric constant [3, 9].  
 
 






In order to verify our hypothesis, that the biodegradability of wastewater has a correlation with organic 
matter solubility the 5 days biochemical oxygen demand (BOD5) is also determined. The BOD measures 
the organic matter content of wastewater what is directly accessible for aerobic decomposing 
microorganisms. To make easily comparable the change of aerobic biodegradability of different types of 
wastewater the ration of BOD to SCOD was calculated.  
The results show, that dielectric constant determined at 2400 MHz frequency show strong positive linear 
correlation with BOD5/SCOD parameter (Figure 2). It can be concluded that the type of correlation is 
independent from the type of wastewater, but the slope and intercept of regression equation is influenced 
by the origin of wastewater samples. 
 
 
Figure 2. The correlation between BOD5/SCOD and dielectric constant (f = 2400 MHz, temperature of 20°C) 
4.  CONCLUSION 
Our research focused on the investigation of the applicability of dielectric measurements to detect the 
change of organic matter solubility and biodegradability of different originated wastewater. Although the 
dielectric parameters are not suitable to identify the type of wastewater, but the dielectric constant has a 
good linear correlation with the concentration of soluble organic matters (SCOD) and the aerobic 
biodegradability indicator (BOD5/SCOD). These preliminary results enable to develop a fast detection 
method based on the measurement of dielectric parameters for estimate the efficiency of wastewater 
purification techniques or sludge treatment processes, respectively. 
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